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(3) Page IV-7.
or leakage.

(4) Page IV-T7.

(5) Page IV-7.
and shaft.

(6) Page IV-7.

(7) Page IV-8.
seals to leak.

(8) Page IV-9.

Three shock abscrbers replaced because of damage

Drive sprocket teeth worn.

Excessive back lash between generator drive pully

All rubber worn from roadwheel.

Dirt on bearing surface allowed roadwheel housing

Right headlight beams burnt out and lens cracked.
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SHORTCOMINGS

The following shortcomings are not related to the vehicle recovery kit
or auxiliary crane:

a. Reference Appendix II, Final Report of Service Test of Recovery
Vehicle Full-Tracked, Light Armored (M113A1), XMBO6ELl, USATECQM Project
No. 1-VC=019-113-004 (formerly 1-7-2625-34), US Army Armor and Engineer
Board dated 31 July 1969.

(1) Par 2.1. The seals on four left side road wheels leaked.

(2) Par 2.4, Inspection windows in the road wheel access hubs
were pushed in allowing oil to leak around O-ring seal.

(3) Par 2.5. The track block outer section broke at both web
sections.

(4) Par 2.6, 0il leaked at the return line elbow from the oil
cooler to the crankcase,

(5) Par 2.8. The shock absorber mounting pins on the right front
and right rear road wheel support assembly wore out.

(6) Par 2.9. Right rear idler wheels bent.

(7) Par 2.10. The wear plates on the right and left rear road
wheels wore out.

(8) Par 2.13. The final drive outer seal was leaking and the cuter
bearing inner race was chipped.

(9) Par 2.14. Left front torsion bar broke on two occasions.

(10) Par 2.15, 0il leaked around the rocker arm cover gasket.

b. Reference Appendix IV, Final Report of Engineering Test of
Recovery Vehicle, Full-Tracked, Light Armored (ML13A1), XMBO6E1,
USATECOM Project No. 1-VC-019-113-002 (formerly 1-7-2625-09), Aberdeen
Proving Ground, dated August 1968.

(1) Page IV-7. Cooling fan drive belts failed.

(2) Page IV-7. Right number one torsion bar failed.

Incl 3




DEPARTMENT OF THE ARMY
HEADQUARTERS. U.S. ARMY TEST AND EVALUATION COMMAND
ABERDEEN PROVING GROUND. MARYLAND 21003

AMSTE-BB 23 SEP 1969

SUBJECT: Report of Engineering and Service Tests of Recovery Vehicle,
Full-Tracked, Light Armored (M113A1), XMBOGEl, USATECCM
Project Nos. 1-VC-019-113-002/-00L (Formerly 1-7-2625-09/-31)

Commanding General

U. S. Army Materiel Command
ATTN: AMCRD-GV

Washington, D. C. 20315

1. References.
a. ENSURE requirements 56 and 134.
b. RDT&E Project No. 1G564605D410

2. Approval Statement. Subject report is approved except as stated
herein.

3. Background of Test.

a. ENSURE 56 describes the requirement for a recovery vehicle kit
for the M113 armored personnel carrier. An auxiliary crane was also
proposed as an accessory item. The vehicle was designated the XM806
and subjected to a military potential test. ENSURE 56 was subsequently
expanded (ENSURE 134) to include the installation of the vehicle recovery
kit on the M113A1l. The nomenclature of Recovery Vehicle, Full-Tracked,
Light Armored (M113A1), XMBOGEL, was assigned to this vehicle. The
YXMB06EL is designed for the recovery of disabled vehicles comparable
in weight to the M113Al.

b. Test items include the vehicle recovery kit and an awdliary
crane adapted to the M113Al armored personnel carrier.

(1) The vehicle recovery kit mounted in the personnel compartment,
consists of components and support member for a hydraulically driven,
2-speed, 20,000 pound single line pull winch; a self-aligning fairleader
with a cable tensioner; manually operated spades hinged to the rear
of the vehicle; protective guards; recovery tools and equipment; and
storage facilities. The winch can be operated with the ramp opened or

closed.
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AMSTE-BB 23 SEP 1969

SUBJECT: Report of Engineering and Service Tests of Recovery Vehicle,
Full-Tracked, Light Armored (M113Al), XMBO6El, USATECCM
Project Nos, 1-VC-019-113-002/-004 (Formerly 1-7-2625-09/-34)

(2) The auxiliary swivel mounted crane is bolted to the top of the
hull, may be rotated 3¢€0°, and has a capacity of 3000 pounds. A manually
pumped hydraulic cylinder, located on the side of the crane, operates
the crane. A hinged base permits the crane to te lowered to a horizental
position against the top deck when not in use.

¢. The objective of the test was to determine the suitability for
US Army use of the vehicle recovery kit and auxiliary crane when installed
on the MI113Al1.

d., Specific requirements or specifications for the XMEO6ELl were
not established. Applicable portions of the Military Specificaticns
for the Mil3Al Armored Personnel Carrier and the Purchase Description
for the XMBOAEL were used for the evaluation. Tests were not conducted
on the XMS80AEL in those areas where there was no design change from
the basic M113Al and where the addition of the recovery kit or awdliary
crane would not have any effect on the test results.

e. The engineering test, conducted at Aberdeen Proving Ground,
Maryland, included 4035 vehicle miles, 100.9 winch hours and 12 crane
hours. The service test, conducted by the Armor and Engineer Board,
Fort Knox, Kentucky, included 4001 vehicle miles, 100 winch hours and
12 crane hours.

L. Test Results.

a. The addition of the recovery equipment did not adversely affect
the performance, handling or amphibious capabilities of the standard
M113A1, Of the four deficiencies and 66 shortcomings initially reported,
three deficiencies and 48 shortcomings involved the vehicle recovery
kit or auxiliary crane. The remainder were failures of the basic vehicle
(ML13A1) which were not attributed to the addition of the recovery kit
or auxiliary crane. Of the three deficiencies involving the vehicle
recovery kit or auxiliary crane, one was corrected during the test and
one is reclassified as a shortcoming by this headquarters. The three
deficiencies, 49 shortcomings, plus the corrected deficiency are noted
in succeeding paragraphs and inclosures.
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AMSTE-BB 23 SEP 1969

SUBJECT: Report of Engineering and Service Tests of Recovery Vehicle,
Full-Tracked, Light Armored (M113Al), XMBO6El, USATECCM
Project Nos, 1-VC-019-113-002/-004 (Formerly 1-7-2625-09/-34)
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AMSTE-BB 23 SEP 1969

SUBJECT: Report of Engineering and Service Tests of Recovery Vehicle,
Full-Tracked, Light Armored (M113A1), XMBUGEL, USATECOM
Project Nos. 1-VC-019-113-002/-004 (Formerly 1-7-2625-09/-3L)

would not hold in a descending attitude on the 30% slope with a loaded
MI113Al1 in tow. Stopping distance with a vehicle in tow was twice that,
for the same rcad speed and conditions, of the basic vehicle with no
towed load.

b. In an ambient temperature of +120°F, only a 200 foot cable-
length recovery at 50% of maximum rated load could be completed before
the hydraulic fluid reached the maximum operating limit. However, 50
of maximum rated lcad is considered representative of line pulls
expected to be experienced in the field.

¢. The medium duty tow bar was not compatible with the tow
connections on the 1/ ton, 3/4 ton and 2 1/2 ton trucks. While this
was not specifically required, it is highly desirable that the modifi-
cation be made. )

6. Conclusions. The vehicle recovery kit and auxiliary crane will be
suitable for army use to meet the ENSURE requirement when the one
deficiency and as many of the shortcomings pertaining to it as
practicable are corrected.

7. Recommendations.

a. Although a warning is included in the vehicle publications,
vehicle data plates and warnings in the operator’s manual should also
be provided to warn the vehicle crew of definite restrictions on speed
in MPH during towing operations, precautions when descending slopes in
excess of 20%, and restrictions in sighting and firing the weapon.

b. Winch quality control be improved.

FOR THE COMMANDER:
CoQﬂGs \jg us A

3 incl WILLIAM H. HUBBARD
as (5 cys) . Colonel, GS

Deputy Chief of Staff
Copies furnished:

CG, USATACOM, ATTN: AMSTA-R, 3 cys
CG, USATACOM, ATTN: AMCPO-M113, 2 cys
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ABSTRACT

An engineering test of the XM8OGEl recovery vehicle was conducted
at Aberdeen Proving Ground (APG) from 17 December 1968 to 3 .June 1969,
The purpose of the t * was to determine the nerformance, suitahility,
durability, safety, and maintainability of the vehicle; and whether
or not any degradation was realized to the basic M]113Al armored
personnel carrier, The vehicle was scheduled for operation at APG
for 4000 ve!icle test miles, of which 1000 were with an M113Al in towe
Also, 100 winch operating hours and 12 crane operating hours were
conducted, Poor quality in manufacturing was responsible for a winch
gear-train failure after 59.8 winch hours, Several additional defects
were disclosed that were a recurrence of defects reported during the
M113 recovery vehicle test. The durability of the standard M113Al
tow pintle was unsatisfactory for the towing test phase., An MS548-~
type pintle was later evaluated for 1000 miles and found satisfactory,
Operational hazards were disclosed for vehicle operation with an
M113Al1 in tow, It was recommended that the operator be warned of
possible operational hazards, It was further recommended that winch
quality-acceptance standards be increased.

FOREWORD

Materiel Test Directorate was responsible for preparing the
test plan conducting the test, and preparing the test report.

vii



PHYSICAL DATA

Weight, curb (with
fuel, OVE) eeescccsces 24,500 1b
Payload (driver
2 crewmen) -
Length (spades in

wses 720 1b

travel position) 210 inm,
width 105 in.
Height pades in
travel position) 96 in,
Ground clearance 15 in,
POWER PLANT
- V53

Engine «-e-
Displacement -
WP eee
Fuel -

Fuel capacity
Total eeceees
Usable «=-

POWER TRAIN

Transaission <=« Model TX100-1 Auto-

matic, 3 speeds

forward, | speed

reverse
Transfer gear case ----

-~ ratio
1.1.286 (D)

BODY/HULL

SUSPENSION

Type, torsion bar

Tracks -« Type T-30, siagle pia

with detachable

rudber pads, 15 in,

wide

Road wheels -

Ground pressure

Tread (centerline
to centerline of

tracks) ceeeeeesss A5 in, (D)

Data Compiled:

Characteristic Photograph

318 cu in,
o0
= Diesel

95 gal (D)
== Untested

- None
ceseseee Driver, 2 crewmen

20 (10 duals)
wees T8 psi

STEERING

Type, controlled differentia!
turning diameter

Wall to wall ceeeeees 46,5 ft
Swimming =eeceecne Untested
ELFCTRICAL SYSTEM
Type «--- & TN battery, 24 volts,
100 amp
ARMAMENT
Machine gun seses  Cal .50, M2

Rifle weveccenes 7.62.mm, Ml4 (2)

ANUNITION
200 rounds, cal 50

FIRE CONTROL AND VIEWING DEVICES
Periscope, W17

Driver's hatch «eee 4

Commander's cupola s

Spare (stowed) «ee. 1
Periscope, M19

Stowed ececcrcceccane 1

Spare head (stowed) - 1

PERFORMANCE

Max speed (land) .. 41 mph
Max speed (water) 2 mph
Max gradeability 60V
Side slope eeccece.. . 300
Fording depth .. Asphidbious
Vertical step «... 30 im.
Trench crossing «ece.. 72 in.

Cruising range -... 200 miles (D)
AUXILIARY EQUIPMENT

Intercom --e- AN/VIC-1

Radio ---- AN/CRC-5 through 8, or
AN/VRC-8 to 10, or
AN/VRC-24, or
AN/GRC-19, or
AN/VRQ- 1 through 3,
or AN/PRC.S8 through
10, or AN/GRR-5, or
combinations of
th and other
standard radio sets

WINCH CTE

Wineh cececcccecceces Model P.30
Cable = 300 ft, S/8-in, dism
Hydraulic tank

Usable capacity
Type fluid «ee
Hydraulic pusp
flow rate «eeeee 1000 psi st
1200 rpa
16,4 gpe
Line speed, pay-in, max
Low gear, no load .- 53 fpm
Low gear, 90V
max load cesecnnens 23 fpa
High gear, no

- 30 gal (D)
MIL-H-6083

®ax 108d eceeenees 121 fpm
Angular pull, max
Ramp down
Left of winch
centerline «<.. 46 deg
Right of winch
centerline «... 51 deg
Ramp up, access door open
Left of winch
centerline ---. 46 deg
Right of winch
centerline 10,5 deg
Line pulls, max range
Espty drum, low
RORT cecccanna 20,900 1b
Full drus, high
BOAT seccscecas 5,150 1B
Srake capacity
Full dru= line
pull - above max pull
Spades, side (2) with
attachable center, manual

CRANE KIT
Crane, model MC-3000, manual
capacity
45 in, boom - 4000 1b
60 in, boom - 3000 Id
Rotating base .. = 360 deg

Azimuth locking
Intervals ceeeceeeces 45 deog

January 1969




ABERDEEN PROVING GROUND
ABERDEEN PROVING GROUND, MARYLAND 21005

USATECOM PROJECT NO, 1-V(C<019-113-002

FINAL REPORT ON ENGINEERING TEST OF

RECOVERY VEHICLE, FULL TRACKED, LIGHT
ARMORED (M113A1) XMB06EL

17 DECEMBER 1968 TO 3 JUNE 1969

SECTION 1, INTRODUCTION

1.1 BACKGROUND

A military potential test of the recovery kit and crane for the
M113 armored personnel carrier was conducted at Aberdeen Proving Ground
from April to September 1968 (Reference 3), The conclusions indicated
that the addition of the kit did not adversely affect performance or
durability of the basic carrier; however, the durability of the recovery
components needed improvement to meet the 100 winch hour operation
requirement,

Based on the relative success of the M113 test vehicle, a decision
was made to install a recovery kit and crane on a M113A]l (diesel
version of the M113), One M113A1 with recovery kit and crane was sent
to APG for an engineering test and another sent to the US Army Armor
and Engineer Board (USARENBD) for service test since type-classifica-
tion of the diesel version is currently planned.

1.2 DESCRIPTION OF MATERIEL

The XM806E1l recovery vehicle is an M113A1, APC modified for the
recovery of disabled vehicles comparable in weight to the M113Al,

The recovery equipment consists of components and support members
for a hydraulically driven winch, a self-aligning-fairieader with a
cable tensioner, a boom-type crane, and two ground spades hinged to the
rear of the vehicle, one on each side of the ramp, The spades
stabilize the vehicle to allow a greater winch line pull, A crew of
three operate the recovery vehicle and its equipment.

The hydraulically powered winch is a 2-speed planetary reduction
unit located in the personnel compartment. The winch is bolted to a
subframe which, in turn, is welded to the vehicle floor, The winch
includes a level-wind assembly to assure proper stacking of the cable,



The winch is designed to exert a maximum single-line null of 20,000
pounds; overload is prevented hy an integral relief valve in the winch-
control valve, A fairleader and tensioner is bolted to the modified
vehicle floor framing to the rear of the winch. The fairleader serves

to guide the winch cable while the tensioner prevents cable fouling on
the winch drum, Operation is by a single control in the cargo area, The
winch and cable areas are shrouded hy guards to protect the onperator

and crew from cable whiplash,

Two open-mesh gates are installed in the ramp opening., The guards
allow the operator to observe recovery operations and remain nrotected.
The cable may also be operated thr. n the personnel door with the

ramp raised for additional armor ....ection during combat retrieval
operations,

The auxiliary, swivel-mounted crane is bolted to the top of the hull
and may be turned 360°, A manually-pumped hydraulic cylinder, located
on the side of the crane, operates the crane, A hinged base permits
the crane to bhe lowered to a horizontal position against the top deck
when not in use. Maximum capacity of the crane is 4000 pounds.

As a result of the military potential test and the physical dif-
ferences between the gas and diesel versions of the M113, the following
major changes anpear on the MM113Al:

a, Relocated hydraulic pump and mount,

b. Rerouted hydraulic lines in the engine compartment,

¢. Revised remote throttle linkage and idle no-load adjustment,

d. Additional hull support for the winch mount.

e. Reduced eccentricity of level-wind trunnion caps and increased
relative angle,

f. Added hydraulic pressure and temperature gages and war.ing
light (#160°F) onthe reservoir,

g. Added safety gate over the upper half of the left side of the
ramp opening hinged along the left side,

h. Revised center-snade-to-spade attachment,
i. Added tab locks to crane base-mounting bolts,

j. Added tow cable bridle to OVE,



k., Modified winch operation lever so that the fairleader cheater
bar may be used for extended periods of winch operation,

1, Relocated stowage provisions for the snatch blocks, crowbars,
tow cable, intercom, center spade, left rifle-mounting
bracket, and left fire extinguisher,

m. Chromeplated level-wind floating-nulley shaft for improved
lubrication,

1.3 TEST OBJECTIVES

The objectives were to determine the following:

a, Performance, functional suitability, durability, and main-
tainability of the vehicle recovery kit and crane,

b, Effects of vehicle recovery kit and crane on basic chassis
durability, performance, and amphibious capabilities,

¢, Utility of layout and configuration of crew compartment;
adequacy of recovery tools and equipment and stowage pro-
visions,

d. Any possible safety hazard or adverse human factors associated
with the design of the XMB06E1 recovery vehicle,

e. Adequacy of maintenance package,

1.4 SUMMARY OF RESULTS

Gross weight of the test vehicle was approximately 1000 pounds
greater than a standard M113Al; nonetheless, the performance and
handling characteristics were comparable to a standard M113A1 APC,

The winch performance characteristics provided a single-line pull
in low gear on the bare drum of 20,900 pounds., All winch performance
characteristics were satisfactory,

Mission capabilities of the test vehicle were satisfactorye
Under varying terrain conditions, the vehicle was able to recover
a disabled vehicle of similar weight without difficulty. The cable
bridle enhanced the recovery versatility of the test vehicle.



An operational limitation disclosed during the test was the
hydraulic-oil temperature increase in high ambient-temperature
environments, Functional recovery tests indicated that 50% of the
maximum rated load was representative of line pulls actually expected
to be experienced in the field. In an ambient of +100°F, two full
cable-length retrievals could be accomplished at 50% of the rated
load; however, in an ambient of +120°F a complete full cable-length
recovery, at 50% load, could not be completed hefore the hydraulic
fluid reached the maximum operating limit,

The standard M113A1 towing pintle was not sufficiently durable
to withstand the loadings imposed during towing operations, A larger
tow pintle (M548 type) was installed and found satisfactory for 1024
miles of towing operation,

Several towing operational hazards were disclosed, Steering
control became hazardous when decending a 30% longitudinal slope with
a loaded M113Al1 in tow, With a fully loaded M113Al in tow, the test
vehicle brakes would not hold in a descending attitude on the 30%
longitudinal slope and the stopping distance was twice that for the
same road speed and conditions as the basic vehicle,

Additional operational hazards were realized by the firing
restriction imposed with the side spades in the travel position,

Winch gear-train failure from noor qualitv control of material
properties was the only deficiency renmorted during the test. The gear
failure occurred after 59.8 winch hours,

Several defects were disclosed that were a recurrence of defects
reported during the M113 recovery vehicle test: Leaking counterbalance
valve; vehicle fender cracks; levelwind floating-pulley spoke cracks;
fairleader hull-mount cracks; bolt loosening of the recovery components;
fairleader-tensioner handle enterference with the mount; and levelwind
trunnion-cap setscrew failure,

The vehicle-mounted crane was satisfactory for removing and
reinstalling the power package from an M113Al vehicle, Operator
fatigue was noted during raising of maximum capacity loads.

Maintainability characteristics of the test vehicle were similar
to those of the basic M113Al vehicle; scheduled maintenance requirements,
however, were higher than those of the basic APC because of the care
required for the winch cabhle,

The stowage facilities were satisfactory,



1.5 CONCLUSIONS

1.6

It is concluded that:

C.

g

The addition of recovery equipment did not adversely affect
the performance, handling or amphibious capabilities of the
standard M113A1l, Durability of the basic vehicle chassis
experienced some degradation, disclosed by the appearance of
fender cracks (ref par. 2,22).

Although the vehicle was unable to complete a 50% rated load
full-length cable-recovery operation in a +120°F ambient
environment, the vehicle could perform 50% rated load, 200-
foot recovery in a +120°F ambient environment (ref par, 2,17),

Quality control of winch components was unsatisfactory (ref
nar, 2.17).

Operational caution must be exercisea when performing towing
operations (ref pars., 2.8 and 2,16).

The durability of the standard M113A] tow pintle was
unsatisfactory for cross-country towing operations; the
M548 type pintle was sufficiently durable (ref par. 2,19),

The crew-compartment configuration was suitable (ref par, 2,21),

The maintenance package was incomplete since narts and
maintenance manuals were not provided, and the operator's
manual did not warn of towing and weapon-firing operational
hazards (ref par., 2.6).

RECOMMENDATIONS

It is recommendated that:

C.

The vehicle crew be informed of weapon firing interference
and towing hazards, provided in the form of appropriate
vehicle data plates and warnings in the operator's manual,

Winch quality-acceptance standards be re-evaluated and
increased, :

The M548 tow pintle be incorporated as part of the basic M113Al
modifications for production of the XMBO6E1,

Complete maintenance and operational manuals be evaluated,



SECTION 2, DETAILS OF TEST

2.1 INTRODUCTION

All testing described in this report was conducted at Aberdeen
Proving Ground, Maryland in accordance with Reference 5, Formalized
test criteria were limited since there were no QMR's, SDR's, or TC's on
the test item, Where apnlicable, test results were compared with
performance of the basic M113A1, APC, and the M]13 with the recovery
kit (References 1, 3, and 4),

The purchase description for the XM806FE1 (ATPD-2033A, dated 19 May
1969) was made available after the conclusion of the test, Test results
were compared to the ATPD requirements as anplicable,.

A liaison was maintained with USATACOM regarding defects that
occurred during the test, As a result, USATACOM issued Engineering
change-proposals (ECP) - Engineering Orders (F0O) to correct the defects
on future vehicles, The ECP - EO's which have heen originated are
reported in the apnlicable subtest which discusses a particular defect.

The payload where appropriate was simulated, during these tests, by
sandbags located in a manner to nrovide the proner weight distribution,
The installed load was of an amount that represented nersonnel, their
equipment, and any other equipment not actually installed. A weight of
240 pounds was used to simulate the weight of a crew member, as defined
in FM 57.35,

An instant-start - instant-stop hourmeter was installed to record
elapsed time for winch operation, i.e. when the winch drum was actually
rotating,

Two thermocouples and one pressure gage were installed to record
temperature and pressure during winching operations, The thermocouples
were installed in the hydraulic reservoir and in the winch motor gear
case, The pressure gage was installed in the main inlet line to the
control valve,

All fuels and lubricants were standard military types, normally
available to operating units and were used in accordance with lubrication
order 9-2300-224-12/2 and the manufacturer's supplemental publication,

Photographs of failed parts and vehicle problems were made, Charac-
teristic and general-view photographs of the vehicle were taken, Random-
footage motion pictures were taken during testing,



2,2 INITIAL INSPECTIONS AND SERVICING

2.2.1 Obloctivo

The objective was to assure that the vehicle was in good
mechanical condition and that major component serial numbers and pretest
data were recorded prior to start of the test program, Base line
conditions were used to assure adequacy of test results and quality of
materials,

2,2.2 Criteria
Criteria are as follows:
a. Appropriate Department of the Army technical manuals, lubri-
cation orders, and manufacturer's publications are used to
assure good condition and adequate lubrication,

b. MI113Al1 military specification, Reference 1, par. 3.4,

c. XM806El ATPD, Reference 2, par, 3.4,

2.2,3 Method

A limited technical inspection was performed noting the initial
condition of components. Major component serial numbers were recorded
(MTP 2-2-502),

All fluid systems and lubrication points were fully serviced with
the proper fuels, lubricants and fluids (MTP 2-2-503).
2.2.4 Results

The major component serial numbers of the XM806E1l, USA Reg No.
12C27468, are listed in Table 2,2-I,

Table 2,2-I, Major Component Serial Numbers

Component Serial No.
Engine 6D39558
Transmission 7T5761
Differential 6505
Transfer case 4843



The vehicle arrived with an odometer reading of 140 miles and
enpine hourmeter reading of 11,0 hours, There were no records of winch
or crane operation accumulated nrior to receint of the test vehicle,

The vehicle was serviced according to lubrication order 9-2300-
224-12/2 and the manufacturer's sunplemental nublication using standard
military lubricants,

The remote throttle control was improperly set., The linkage was
adjusted to provide a 1500 to 1800 rpm engine speed at full throttle
setting (EPR K2-4),

The crane utility release valve was bent during shipment, The
valve was replaced to eliminate hydraulic fluid leakage (EPR K2-3),

The lubrication points of the winch and crane are shown in Figpure
2,2-1. The basic vehicle lubrication remains the same as for the basic
M113A1 carrier.

The winch-drum breather plug was located below the level plugs
(EPR K2-51). The drum could not be filled with the necessary amount
of lubricant until the breather plug was relocated above the level
plugs.

2.2.5 Analxsis

Except for the remote throttle-control setting, winch breather-
plug location, and the damaged crane valve, the vehicle arrived in
satisfactory condition.,

The winch adapted for use in the XM806El is a standard military
winch used in the M578 recovery vehicle, For the XMB06E1 application,
the breather plug must be relocated, This incident is identical to
the occurrence reported during the M113 recovery vehicle test., The
manufacturer should insure that the winch drums are properly modified
for use in the XM8O06El,
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2,3 STOWAGE

2.3.1 Oblective

The objective was to assure that all on-vehicle equipment (OVF)
can be safely stowed in positions that provide proper utility for the
crew without undue safety hazards, and to ascertain the reliability of
the stowage fixtures, brackets, and straps,

2,3.2 Criteria
Criteria are as follows:
a, MI113A1 military specification, Reference 1, par. 4.5.2.6,

b, XM806El1 ATPD, Reference 2, par, 3.4,12,

¢. Comparison with M113 with recovery, Reference 3.

2.3,3 Method (MTP 2-2-802)

The OVE was stowed in designated positions and inspected for
utility and safety. The OVE remained in position throughout the test
to fur :r observe reliability and durability of stowage fixtures and
brackets,

The caliber .50 machine gun and the 7.62-mm rifles were replaced

with demilitarized weapons, Ammunition boxes were filled with metal of
a weight representative of fully loaded boxes.

2.3.4 Results

A list of OVE which was provided by ths manufacturer and installed
on the test vehicle is included in Table 2,3-I,
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T.bl. 2.3'!0

Federal Stock No,

OVE Installed on Test Vehicle

[tem Nomenclature (or Part Number) Stowage Location
Mount, machine gun, caliber ,50 1005-704.6650 On support arm com-
mander's cupola,
Cover, spare barrel, machine 1005=796-44306 On spare barrel,
gun, caliber ,50
Mount, tripod, machine gun, 1005-322-9716 On top deck rig..t f
caliber ,50, M3, w/cover cupola,
Bag, tool 5140-473-06256 On left rear sponson,
Can, water, military, 5 gal 7240-242-6153 Right side box beam
(rear),
Adapter, grease gun, rigid 4930-387-9551 In tool bag,
thin stem, 0 in, long
Oiler, hand, trigger type, 4930-262-8868 Right side wall,
1 pint cap. 9 in, spout
Cutter, bolt, rigid hand type, (MS16888-4) Right rear side wall,
clipper cut type, 9/16 in, di-
ameter mild steel rod cutting
capacity, 35 to 39 in, long,
Ob finish
Hammer, hand, sledge, blacke 5120-230-7843 Top deck forward of
smith's, double-faced, cargo hatch,
20 1b, 34 to 37 in, long,
OD finish
Bar, pinch, off set and tap~ 5120-224-1384 Lower left side wall,
pered ends, 1 in, hexagonal,
36 in, long, OD finish
Bar, wrecking, goose neck and 5120-242-0762 Lower left side wall,

pinch, w/claw, 3/4 in,
hexagonal, 36 in. long,
0D finish
Crowbar, pinch point, 1-1/4 in, 5120-224-1390
diameter, 59 to 62 in, long,
0D finish

Chisel, blacksmith's, cold, 5110-221-1075
handled, 1-1/2 in, cutting
edge, 16 in, handle, OD
finish

Chisel, machinist's, cold, 5120-238-8292

handled, long !ergth, 1 in,
cutting edga, 24 in, long,
0D finish

Jack, hydraulic, handled, 8 ton (MS16283-3)
capacity w/operator lever,
0D finish

Saw, crosscut, l-man, 4-1/2 ft 5110-754-0704
blade, 5 ft long w/supple-
mentary handle

Case, crosscut saw, cotton
duck, 63-3/4 in, long

2540-860-2354

11

Top deck right side,

Lower left side wall,

Lower left side wall,

In center stowage tray
(handle in seat stow-
age box),

Right side upper wall,

On crosscut saw,
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Table 2.3-1 (Cont'd)

Item Nomenclaturer

Federal Stock No,
(or Part Number)

Stong; Location

Tow bar assembly, medium duty

Snatch block (1U ton), OD
finish
Floodlight, electric, 24-volt

Periscope, M17 (driver's and
commander's)

Punch, blacksmith's, round,
handled, 1/4 in, diameter
cutting edge, OD finish

Axe, single-bit, handle,

4 1lbs, 36 in, long, OD
finish

Mattock, pick-type, w/handle,
S lbs

Shovel, handle, round point,
long handle, blade 9-1/2 in,
w/ll=1/2 in, extension long,
handle 46 in, long, OD finish

Crowbar, pinch point, 1 in, by
48 in. long

Hammer, hand, sledge, black-
smith's, double-face, 6 1lbs

Fixture, track connecting

Cable assembly, floodlight

Sling, endless

Chain, safety, ramp

Lever, fairleader

Vise, bench and pipe swivel
base, 4 in, jaw width
6 in, opening, 1/8 to
4 in, pipe capacity, OD
finish

llioist, chain, handle operator,
1-1/2 ton capacity, distance

(F7263793)

(K11631726)
(MS51320-1)
6650-704-3549

5120-197-9473

5110-293-2336

5120-248-9959

5120-293-3334

5120-240-6040
5120-265-7462
5120-678-2793
(11646861)
(11646863-1)
(11647281)
(11633885)

5120-293-1439

(11640383)

between hooks 16 in, retracted,

minute 1lift 50 in,
Cable, sling, utility, steel,
5/8 in, diameter

(11647282)
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Leg assembly on top
deck, clevis ase
sembly in center
stowage tray,

Lower left side wall,

In seat stowage box
compartment,

Around driver's and
commander's station,

In tool bag,

On top deck, rear center,

top deck, rear center,

top deck, right side,

top deck, rear center,

top deck, rear center,

On top deck, left rear,

On floodlight,

In seat stowage box,

In center tray rear,

Right side of winch
cable guard support,

Right front exterior,

In seat stowage box.

In center tray,



Table 2,3-1 (Cont'd)

Federal Stock No.
Qty Item Nomenclature (or Part Number) Stowage Location

1 Cable, tow, steel, /4 in. di- 2540-767-314Y On ramp, outside vehicle,
ameter by 10 ft long w/eyes
2 Extinguisher, fire, CF, 3 BR, 4210-555-8837 In brackets 10924916

(Freon) handle, 2,75 1b l-right rear wall;
capacity, OD finish ]-left side,
2 Anchor shackle, screw-pin, Unknown In center tray,

2 in, box width, 3-1/4 in,
inside length

1 Grease gun, handle, high 4930-253-2478 In tool bag,
pressure, lever operated,
15 oz,
1 Manual, technical (operator's) ™ 9;2;?0-224- In pamphlet bag,
10/2
1 Order, lubrication LO 9-2300-224-  In pamphlet bag,
10/2/2

The OVE a rived without a wrench (FSN 5120-224-3154) and a
crowbar (FSN 5120-240-6040) (EPR K2-7), The radios and associated
equipment were not received nor installed as per USATECOM test directive
(Appendix VI).

The 1-1/2 ton capacity of the chain hoist was inconsistent with
the 2-ton maximum capacity of the crane (EPR K2-8),

All the OVE was installed in the spaces provided without
interference, .

The rubber bumpers of the hook and damper assembly were not
compressec sufficiently to rigidly secure the side spades in the
travel position (EPR K2-14), Some wear was evident on the hook from
spade vibration after 1423 miles of vehicle operation,

During vehicle operation, the center spade progressively slid
rearward of the designated stowage position (EPR K2-87), The center
section interfered with the rear lifting eye and a flat was worn on
the spade.
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2.3.5 Annlzsis

The test vehicle successfully met the critoria established by the
M113A1 specification and the XM806El ATPD since the stowed items did
not interfere with the oneration of the vehicle and components, The
stowage design for the center snade section could bhe improved by
providing a rear stop to maintain the position of the spade.

‘‘towage npositions provided for the XM806FL1 were improved comnared
to the M113 recovery vehicle. The personnel comnartment rifle stowage
bracket and the fire extinguisher have been relocated out of the traffic
pattern along the left side of the personnel compartment., The equipment
congestion in the center stowage tray has heen alleviated by mounting
the two snatchblocks and crowhars on the left sponson,

The crane is to be provided with a data plate reducing the

maximum allowable capacity to 3000 nounds (ECP/EO D9846), The intended
crane-capacity limitation will insure compatability with the chain hoist,

2.4 PRELIMINARY OPERATION

2.4,1 Objective

The objective was to assure proper break-in of the various
conmponents and provide a period of familiarization for the operator prior
to conducting additional tests and stress operations that will make
inherent hazards or weaknesses apparent,

2.4,2 C(Criteria
Criteria are as follows:

a, Special training and familiarization of trained, nrofessional
drivers not required,

b. Proper and suitable functioning of all components.

c. Satisfactory control of vehicle operating functions.

d. MI113Al military specification, Reference 1, par. 3.5.5.

e. XMB0G6El ATPD, Reference 2, par., 3.5

14



2.4.3 Method (MIP 2-2-505)

The vehicle with minimum specified load was operated on a pravel
road (Munson test course) for a total of 50) miles in accordance with
the following schedule:

a. Fifteen miles at 12 mph,

b, Tifteen miles at 20 mnh,

c. Twenty miles at 30 mph,

After each division at the break-in run, the vehicle was stopped,
the engine allowed to idle for not less than 2 minutes, and the vehicle
driven in reverse for a distance not less than 50 feet

During this period of operation, the vehicle onerator was afforded
the opportunity to tamiliarize himself with any special onerating re-
quirements of the vehicle, winch, and crane, This operation was
considered part of the endurance test,

The vehicle was operated without payload an additional 210 miles
over paved and gravel roads, until the vehicle odometer reading was
400 miles,

2.4,4 Results

The vehicle performed satisfactorily during break-in operations,

2.4.,5 Analzsis

There were no indications of damaged components, maladjustment,
or loss of orignial adjustment. The test vehicle successfully met the
criteria established by the M113Al military specification and the
XMS806E1 ATPD.

2.5 VEHICLE CHARACTERISTICS

2.5.1 Objectives

The objectives of this test were to record basic dimensions,
data, and characteristics of the vehicle,

15



2.5,2 Criteria
Criteria are as follows:
a, MI113A1 military snecification, Reference 1.
b, XMB06F1 ATPD, Reference 2,

¢, Comparison with M113 recovery vehicle, Reference 3.

2.5.3 Method (MTP 2-2-500)

The specified dimensions were ohtained and recorded upon receint
of the vehicle,

A complete list of pertinent characteristics of each component
or major component groun was prenared,

General-view photographs were taken and the characteristics
photograph was made incorporating significant components and data,

Performance data were obtained from results of engineering tests
and recorded as performance characteristics.
2.5.4 Results

The over-all dimensions of the test vehicle appear in Appendix I,

Photographs of the vehicle and recovery components are included
in Appendix II,

Table 2,5-1 includes pertinent characteristics of recovery
connonents,
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Table 2.5-1,

Major Component Data of

XM806L1 Recovery Vehicle

Component

Characteristic

Winch, model P-30 modified with
grooved s leeve
Cable
Maximum single line pull
Low gear, empty drum
Low gear, full drum
High gear, emnty drum
High gear, full drum
Hvdraulic tank, usable cap
liydraulic pump, flow rate
Hydraulic pump speed

Line speed, max, no load
(2750 rpm engine idle)
Low gear, emptvy drum
Low gear, full drum
High gear, empty drum
High gear, full drum
Maximum angular pull
Ramp down
Left of winch centerline
Right of winch centerline
Ramp up cargo, access door open
Left of winch centerline
Right of winch centerline
Crane, model MC-3000
Capacity
45-inch boom
60-inch boom
R.tating base
Azimuth-locking intervals

(D) = Design.

2.5.5 ﬁEE‘ZSiS

300 fr, 5/8-in, d

20,900
14, 800

4,950

3,150

30 gal

1000 psi at 1200
1335 rpm at 1500

speed (D)

39 fpm
53 fom
162 fom
231 fpm

47 deg
55 deg

47 deg

iameter

1h

1h

1h

Ih

(")

mm, 16.4 gpm (D)
mm, enrine

10,5 deg

4000 b
3000 1b
360 deg
45 deg

The addition of the recovery equipment to the basic M113Al
increased ‘he over-all height of the basic vehicle bv 22 inches with

the spades in the travel position,

The over-all length of the basic

vehicle was increased by 19 inches because of the side spade standoffs.



The winch hydraulic system for the XM806L1 has been changed
from the M113 recovery vehicle system by lowering the relief-valve
pressure setting., Subsequently, the maximum line pulls on each
spooling layer have heen reduced, ‘The difference in maximum line
pulls is tabulated in paragraph 2,17,

The test vehicle met the line pull and speed requirements
defined in the XM806L1 ATPD,

2,6 SAFETY

2.,6,1 Ob z'ective

The objective was to determine the suitability of the vehicle,
winch, anrd crane for service-testing and use with regard to personnel
safety, operational hazards, and safe-guards to prevent accidents
during use of the vehicle and to effect a safety release statement
early in the test,

2.6.2 Criteria

Test Directive, Appendix VI,

2.6.3 ‘ethod (MTP 2-2-568)

Safety evaluation tests were conducted, on an expedited basis,
as soon as possible after the test item was delivered. The following
tests were performed to the degree required to determine if any safetv
hazards existed:

a, Center of gravity (ref par. 2.12),

b. Steering (ref par. 2.13).

c. Maximum speeds (ref par. 2.14),

d. Braking (ref par. 2,16).

e. Gradeability (ref par. 2.8).

f., Side slopes (ref par, 2.9).

g. Weapon fields of fire (ref par, 2,18).

h. Limits of vision (ref par. 2.17).
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i, Winch (ref par, 2..7),

j. Crane (ref par., 2,18).

2.6,4 Results

The safety relcase recommendation encompassed all items listed
in paragraph 2.6,3, The safety statement was provided to USATECOM; a
copy is included in Appendix VI,

Uperational hazards exist when towing an M113A1 down slopes
in excess of 30%, and it was recommended that slopes in excess of 20%
be descended exercising extreme caution, Stopping distances with a
towed load were twice that of the independent vehicle., It was rec-
ommended that slower speeds be maintained when conducting towing oper-
ations, The side spades in the travel position created a weapon
firing and sighting restriction for approximately 10 degrees of azimuth
at two locations, The gun sight line must be ¢ levated anproximatelyv
1.5 degrees above the horizontal firing line to avoid the spades.
Although a ballistic test was not made, a general evaluation indicates
a potential hazard, The caliber .50 round may penetrate the aluminum
spades, however, the jacket of the projectile could possiblv ricochet
and either enter through an open cargo hatch or strike the machine
gunner,

Inappropriate weather conditions prevented any amphibious

operations prior to the safety evaluation., Subsequent testing did
not disclose any amphibious operational hazards.

2,6.5 Analzsis

The operator's manual should wam of the towing and weanon

firing hazards. ECP - EO E1006 provides for a towing cautior plate in
the vehicle stating: ''DANGER steering and brake response reduced
when towing a disabled vehicle'".

2,7 STANDARD OBSTACLES

2.7.1 Objective

The objective was to determine the ahility and specify
limitations of the vehicle to negotiate the following obstacles:

a, Vertical wall,
b. Trench profile,
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c. UBridging.

2.7.2 C(riteria
Criteria are as follows:
a. '113A] military specification, Reference 1, paragraph 3.6,

b, XMB0oL1 ATPD, Reference 2, paragraph 3,6,

2.7.3 Method (MTP 2-2-611)

The vehicle was operated with rated payload at slow speed over
the ohstacles outlined in paragraph 2,7.1,

2.7.4 Results

On a level surface, the center of the front towing eves are
24 inches above ground level, If the vehicle approaches a vertical
wall from a level surface, the tracks will provide sufficient traction
to power the vehicle over the obhstacle, However, on a slight downgrade
approaching the 24-inch vertical wall, the front towing eyes will
interfere sufficiently to prevent the vehicle from negotiating the
obstacle,

The test vehicle was able to negotiate the trench profile without
interference and successfully bridged 72 inches.

¢

2.7.5 Analxsis

Both the ‘{113A1 specification and the XM806E1 ATPD, require
negotiation of a 24-inch vertical wall and a bridging capabilitv of
66 inches. The test vehicle met the criteria,

2.8 GRADEABILITY

2.8.1 Objective

The objective was to determine the capability of the vehicle
to comply with the following combat vehicle requirements:

a, Slope, 60%, Vehicle with rated payload must be capable of
ascending and descending a dry paved slope without difficuity
in both forward and reverse gears.
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b. The service brake shall be capable of stopping and con-
trolling and the parking brake capable of holding the
vehicle at gross weight on 60% slope,

c. A sustained speed of 15 mph must be maintained on a 10%
s lope,

The engine shall start and perform satisfactorilv throughout
the speed range of engine in each direction on the 60% slope. All
components shall operate without faulty lubrication, cooling, fuel
supply, leakage, or other malfunction.

The maximum slope the vehicle can safely traverse in either
direction while towing a \M113Al1 shall also be determined.

2.8,2 Criteria

Criteria are as follows:

a, MI113A1 military specification,Reference 1, pars., 3.6.6,
and 3.6.7,

b. XMB06E1l ATPD, Reference 2, pars. 3.6.6 and 3.6.7.
¢c. Comparison with the basic M113 recoverv vehicle, Reference

3.

2,8.3 Method (MTP 2-2-610)

Operations were conducted on the paved slopes in the Munson test
area up to and including the 60% slope. Surface conditions were drv
during the test. Operations were conducted to achieve the objectives
and check for conformance to the stated criteria, Service and parking
brakes were used on 60% slope.

A standard M113A1 (total vehicle weight of 23,400 pounds) was
towed up and down the longitudinal slopes. The 10% slope was attempted
first, then slopes in increments of 10% were tested until the vehicle
was unable to negotiate the slope or unsafe conditions prevailed,

2.8.,4 Results
The test vehicle, combat loaded, was capable of ascending the
60% slope at a speed ot 3.0 mph in first gear with the engine operating

at 1940 rpm. The brakes satisfactorily held the vehicle in both
ascending and descending attitudes on the longitudinal slope.
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The test vehicle while towing a M113A1 (gross vehicle weight of
23,400 pounds) was capable of ascending a 30% slope; however, the brakes
would not hold. The brakes satisfactorily held facing up a 20% slope.
The test vehicle was capable of descending and hraking on a 20% down-
grade. The brakes satisfactorily held the test and tow vehicles
descending the 30% slope., llowever, steering control became hazardous
because of the weight transfer and pintle load imposed bv the towed
M113A1 which caused loss of effective track-to-road surface adhesion,

Traveling up a 10% slope, the test vehicle was capable of
achieving only 14,8 mph :oad speed in second gear with an engine speed
of 2000 rpm, The hydrau ic pump drive belts were removed and the test
was repeated, Without the hydraulic pump drive belts, the test vehicle
maintained a speed of 15,2 mph in second gear with 2100 engine rpms.

The engine power loss required to drive the hydraulic pump was
evaluated ascending varying grades, The roadspeeds for varying grades
with and without the hydraulic pump drive helts connected are tabulated
in Table 2,8-1,

Table 2.8-1. Road Speeds of the XM806E1 With and
Without the llydraulic Pump Drive Belt Connected

Connected Hydraulic Disconnected llydraulic

Pump Drive Belts Pump NDrive Belts
~Engine " Road Engine

Slope, 5 Gear Road Speed, mph Speed, rpm Speed, mph  Speed, rpm
10 2 14,8 2000 15,2 2100
15 2 10.0 2050 10,3 2080
20 1 9.6 2600 9.8 2630
30 1 5.8 2100 6.0 2140
40 1 4,2 2000 4,6 2030

2.8.5 Analzsis

In general, the XM806E1l performance on the longitudinal slopes
was comparable to the M113A1, The XM806E1 climbing, stopping, holding
and restarting capabilities met the requirements specified by the
military specification for the '1113A1, Reference 1 and the ATNP
(Reference 2).

The operator's manual for the XM806E1 should include towing
restrictions. A towing caution plate is to be provided under ECP - EQ
E1006, Ascending slopes in excess of 20% should be prohibited with
a towed load because of holding limitations., Descending slopes should
be limited to 20% because of hazardous steering control,
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2.9 SIDE SLOPES

2.9.1 Objective

‘The objective was to check for lateral stabilitv and proper
engine operation and vehicle perfomance on side siopes un to 30% with
and without a M113A1 in tow,
2.9.2 Criteria

Criteria are as follows:

a, MI113A1 military specification Reference 1, paragraph 3.6.6.

b. XM806E1 ATPD, Reference 2, paragraph 3.6.6,

2.9.3 Method (MTP 2-2-610)

Operation was conducted on the 30% side slope in both directions.
Under static conditions, the suspension deflections and maximum vehicle
inclination of the body were noted. Behavior of the vehicle was noted
at speeds up to 5 mph, particularly while steering up and down the
slope both with and without an M113A1 in tow.

All components should be capable of operation without faulty
lubrication, cooling, fuel supply, leakage, or other malfunction,
2.9.4 Results

The test vehicle, fully loaded, performed satisfactorily on
the 30% side slope., There were no steering problems while traversing
up and down the slope in a sine wave pattern up to five mph,

The vehicle body inclination was recorded for the test vehicle

traversing the slope on both directions, The results appear in
Table 2.9-I,

Table 2.9-I, Vehicle Body Inclination
on 30% Side Slope

Body Inclination

Right side up slope 32.1%
Left side up slope 32.1%
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During operation, all components operated without lubrication,
coolinyg, or tucl supply leakage, or other naltunctions,

Basic vehicle steering control and stability were not degraded

on the 30% side slope with an M113A1 (gross vehicle weipght 23,400
pounds) in tow,

2.9.5 Annlxsis

The test vehicle met the engine restart requirement established
by both criteria,

Side-slope operation with an '"113A1 in tow does not limit

the capabilities of the independent vehicle.

2.10 SWIMMING

2.10.1 Objective

The objective was to detemine if the swimming abilitv of the
basic vehicle has been adversely affected by the installation of the
recovery equipment,

2.10,2 Criteria
Criteria are as follows:

a, MI113A1 military specification, Refer ice 1, paragraph 3.6.9.

b. XM806E1 ATPD, Reference 2, parag. .ph 3,6.9.

2.10,3 Method (MTP 2-2-501)

Preliminary operation was conducted in the fording basin,
general amphibious operating characteristics were ohserved in Spesutie
Narrows with the test vehicle combat loaded.

Freeboard, list, and trim measurements were recorded under both
static and dynamic conditions, Stability was observed while static and
maneuvering, and limitations on speed and steering were noted. Vehicle
water speed was measured to reflect propulsive characteristics in water
having minimum current velocity.
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Evaluation of maneuverability consisted of detemining if the
vehicle holds a straight course and evaluating turming response,

2.10,4 Results

Maximum water speed was 3.2 mph, measured in the 1-2 gear
range at an engine speed of 2000 rpm, Test vehicle weight was 24,500
pounds.

Table 2,10-{ includes amphibious operations measurcments for

static and dynamic conditions,

Table 2.10-1, Amphibious Operations Measurements
for the XM806L1

Static Dvnamic

Freeboard, inches

Right front 11 10

Left front 10 8

Right rear 15 10

Left rear 14 8
List, degrees 1 (left) 1 (left)
Trim, degrees 2 (forward) 0

Maneuverability was similar to that of the basic M113A1, There
were no steering problems and the test vehicle was able to hold a reason-
ably straight course., Photographs of the test vehicle in the amphibious
mode appear in Appendix II,

The XM806E1 did not require any additional time for amphibious
operation preparations beyond that needed for the M113Al.

There was no appreciable water accumulation in the hull during
amphibious operations,

The bilge-pump rear outlet points directlv at the right side
spade, If an adequate amount of water is removed by the bilge, the
water would jettison against the spade and splash back into the cargo
area through an open hatch (EPR K2-20).
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2.10.5 Analysis

The criteria for the M113Al and the XM806L1 bhoth require a
maximum speed of not less than three mph, The test vehicle success-

fully met the criteria,

A deflector for the rear bhilge outlet is to be provided for
by ECP - EO D9969,

2,11 LOAD DISTRIBUTION AND GROUND PRESSURE

2,11,1 Objective

The objective of this test was to determine the vehicle gross

weight and weight distribution with payload and provide a loading that
will properly simulate the normal combat loading of the vehicle,

2.11,2 Criteria

Comparison with the basic M113Al1 vehicle (Reference 4),

2,11,3 Method (MTP 2-2-801)

2,11,3.1 Weight, The vehicle was weighed on a platform scale with
designated combat payload including OVE, full fuel tank, personnel, and
weapons, This weight was compared with the gross weight of the standard

M113A1 vehicle,

2,11,3,2 Weight Distribution, The weight distribution was checked in

the condition noted in paragraph 2.11,3.1 by sequential weighings across
a platform scale,

" 2,11,3.3 Ground Pressure. The ground pressure was computed for the
described conditions using total vehicle weight and projected area of
the track from the centerline of the first road wheel to the centerline

of the fifth road wheel,
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2.11.4 Results

2,11.4,. Weight, The weight of the vchicle as determined by para-
graph 2,11.3.1 was 24,500 pounds.,

2,11,4,2  Weight Distribution, Static load distribution for the test
vehicle weighing 24,500 pounds is shown in Table 2,11-1., A graphic
comparison of static load distribution between the test vehicle and a
standard M113A1 vehicle is included in Appendix I.

Table 2.11-1, Weight Distribution of XM806El with Driver,
Simulated Crew Members, OVE, and Fully Serviced

Weight, 1b
Road Wheel Lett nght
1 2200 2000
2 2600 2600
3 2650 2800
4 2500 2600
5 2250 2300
Total 12200 12300

2,11,4,3 Ground Pressure, The average ground pressure as determined
by paragraph 2.11,3.3 was found to be 7,8 psi,

2,11,5 Analzsis

The graphic comparison between the test vehicle and the standard
M113A1 shows that except for the No. 4 road wheel there is no appreciable
increase in road wheel loading, The XM806El No, 4 road wheels had an
approximate 16% increased load from the weight of the recovery components,

The test vehicle was approximately 1,000 pounds heavier than a
standard M113A1, The average ground pressure was therefore higher on
the test vehicle, 7.8 psi as compared to 7.5 psi for the standard M113Al
vehicle, The increased weight should be beneficial for recovery operations,
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2,12 CENTER OF GRAVITY

2.12.1 (x)jective

The objective was to determmine the center of gravity of the
vehicle in three planes for a loaded condition. The vehicle is fitted
with OVE and full fuel tanks,

2.12,2 C(Criteria

Comparison with the basic “{113A1, APC vehicle (Reference 4).

2.12.3 Method (MTP-2-800)

The location of the center of gravity on the lateral axis
was determined by using load-reaction data (ref par, 2,11). The
location of the center of gravity along the vertical and longitudinal
axes was obtained by the suspension method.

2.12.4 Results
The center of gravity measurements listed in Table 2,12-1

were made with the vehicle combat loaded, OVE installed, simulated
crew and full fuel tank.

Table 2.12-1. Center of Gravity Location

Location Measurement, in.
Vertically above drive sprocket centerline 17
Vertically above ground level 40
Longitudinally rearward from drive sprocket 80-1/2
centerline
Laterally right of vehicle centerline 1/4

A graphic illustration of the center of gravity locations
appears in Appendix I.
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2.,12,5 Analzsh

Table 2,12-{I includes a comparison of the center of gravity
between a standard M113Al vehicle and the test vehicle,

Table 2,12-11, Center of Gravity
of M113A1 and XMBOG6E]

Center of Gravity, in,

Location MIT3A1 XMBOGE]
Vertically above ground level 35-1/4 40
Longitudinally rearward from drive
sprocket centerline 80-7/8 80-1/2

Vehicle weight for the standard M113Al was 23,425 pounds and
the test vehicle weight was 24,500 pounds,

2.13 STEERING

2.13.1 Objective

The objective was to detemine vehicle steer response and effort,
minimum turing radius, and general characteristics of tuming of the
test vehicle and of the test vehicle towing a standard 4113Al,

2.13.2 Criteria

Criteria are as follows:

a, M113A1 military specification, Reference 1, paragraph 3.6.8.

b. XM806E1 ATPD, Reference 2, paragraph 3.6.8.

c. Comparison with M113A1 vehicle (Reference 4),

2.13,3 Method (MTP 2-2-609)

The minimum turning circle was measured with differential
steering on a level, dry, paved surface of the test vehicle and with
the test vehicle towing an unloaded and loaded M113A1 (gross vehicle
weight 23,4C0 pounds).
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2.13.4 Results

Using the differential steer laterals, a tuming circle diameter
of 46-1/2 feet was measured to the right and left without a towed load.
Towing an unloaded M113A1 the tuming circle diameter was 53-1/2 feet
to the right and left, With a loaded M113Al in tow, the turning circle
diameter for the test vehicle was 56-1/2 feet to the right and left,

The test vehicle turning diameter with a towed load was limited because
of interference between the towbar and the rear fenders of the test
vehicle,

The larger tow pintle (M548 type) that was provided for durability
testing allowed the test vehicle to steer inside of a 50,0-foot diameter
when towing a loaded M113A1, Again, turning diameter was limited be-
cause of interference between the towbar and the rear fenders.

2.13,5 Analysis

The test vehicle met the 50-foot diameter turmming circle
requirement established by the military specification for the bhasic
M113A1 (Reference 1) and the XM806E1 ATPD (Reference 2). The 46-1/2-
foot diameter tuming circle for the test vehicle was comparable to the
44-1/2 foot diameter turning circle for the hasic M113A1 (Reference 4).
The turning characteristics were not degraded appreciahlv while towing
an ‘'t113A1 vehicle. With the standard M113A1 tow pintle, the test
vehicle failed to meet the XM806E1 ATPD requiring a maximum turning
diameter of 53 feet while towing a free wheeling disabled vehicle,
However, with the larger pintle (ECP - EO D9969), the test vehicle
successfully met the ATPD criteria.

A smaller turning diameter was measured for the larger tow
pintle because the larger pintle extends further to the rear of the
vehicle, The additional length allows the tow bar to ohtain a larger
angle with respect to the centerline of the vehicle before inter-
ference occurs with the rear fenders.

2.14 MAXIMUM AND MINIMWM SPEEDS

2.14,1 Objectives

The objectives of this test were:
a, To determine the maximum road speed obtainable on level,

paved surface without exceeding the maximum rated engine
speed.,
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b. To determine minimum sustained speed in the lowest forward
gear range without rough or irregular opcration,

¢. To determine the maximum speed pemissible while towing a
basic M113A1 vehicle,
2.14,2 Criteria
Criteria are as follows:
a, MI113A1 military specification, Reference 1, paragraph 3.6.4,.
b. XMBU6E1l ATPD, Reference 2, paragraph 3.6.4,

c. Comparison with basic M113A1 vehicle (Reference 4).

2.14,3 Method (MTP 2-2-602)

All operations were conducted over a level, paved highway.
Maximum and minimum sustained speeds were measured with rated payload.

Towing tests were conducted with a standard M113A1 weighing
23,400 pounds.

2.14.4 Results

The test vehicle attained a maximum road speed of 41 mph at
2810 rpm in third gear. Towing an M113A1, the maximum speed obtained
was 23 mph at 2900 rpm in second gear,

The minimum sustained speed without rough or irregular operation
was 0,9 mph at 600 rpm in first gear.

2.14.5 Analysis

The test vehicle met the criteria of the military specification
(Reference 1) and of the XM806El ATPD (Reference 2), requiring that
the vehicle maintain a sustained speed of 30 mph and reach maximum
speed of 40 mph.

The maximum speed obtained with a standard M113A1 is 42 mph,
The lower maximum speed can be attributed to the increased weight of
the test wvehicle and the power loss driving the hydraulic pump, as
indicated in paragraph 2,8,
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2.15 ACCELERATION

2.15.1 Ub!ective

The objective was to detemine acceleration characteristics,
Also, to assure that sufficient power and gear ratios are provided and
that gear changes can be accomplished easily and quicklv to accelerate
the vehicle to top road speed in the shortest time and allow readv
acceleration from minimum to maximum sustained speed in the highest
gear range,

2,15.2 Criteria
Criteria are as follows:
a., MI113Al1 military specification Reference 1, par. 3.0.5.

b. XM806E1l ATPD, Reference 2, par. 3.6.5.

c. Comparison with the basic M113A1 (Reference 4).

2.15.3 Method (MTI 2-2-602)

Tests were conducted on a level, paved road. DNata and curves
show the engine and vehicle speeds, time, and gear combinations. Delays
due to initial or subsequent shifting and unusual shock conditions im-
posed on the power train were noted. Tests were conducted with full
payload.

2.15.4 Results
Time trials were made to obtain sufficient data to construct an

acceleration curve. Average times to accelerate from zero to various
road speeds are shown in Table 2,15-I,

Table 2,15-1, Acceleration Data of XM806E1l

Road Speed, mph Time, sec Distance, ft

5 1.5 5

10 3.3 21

15 5.4 61
20 9.3 160
25 16.5 400
30 28,0 860
35 44,0 1630

[
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The acceleration characteristics were plotted and appear in
Appendix I,

2.15.5 Analzsis

The military specification for the basic M113A1 (Reference 1)
and the XM806E1 ATPD (Reference 2) states, '... the vehicle shall
accelerate from 0 to 20 mph in not more than 11 seconds on smooth,
level, hard-surfaced road,”"” The acceleration for the test vehicle of
20 mph in 9,3 seconds met the criteria.

The acceleration of the basic M113Al vehicle (Reference 4) was
20 mph in 8.2 seconds.

Although the test vehicle met the acceleration criteria of the
military sepcification, the slower time compared to the standard APC

can again be attributed to the increased weight and the power 1loss
required to drive the hydraulic pump (paragraph 2,8),

2.16 BRAKING

2.16,1 Objective

The objectives of this test were:

a. To detemine the ability of the vehicle to make a complete,
safe, stable stop on a level, paved road from a speed of
30 mph,

b, To detemine if the brakes will safely hold the vehicle
(parked) in both directions an a 60% longitudinal slope.

¢. To detemine the maximum safe speed from which the vehicle
can make an acceptable stop while towing an M113Al,

d. To determine the maximum longitudinal slope that the brakes
will safely hold the test vehicle (parked) in both directions
with a loaded M113Al1 in tow,

2.16.2 Criteria

Criteria are as follows:

a, MI113A1 military specification Reference 1, par. 3.6.7.

b. XM806El ATPD, Reference 2, par. 3.6.7.
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¢, Comparison with MI13Al vehicle, Reference 3.

2.16.3 Method (MIP 2-2-608)

Stopping distances from 10, 20, and 30 mph on a drv, bituninous
concrete roadway, from point of application unti] the vehicle has heen
halted with the maximum braking effort, were measured with and without
a towed load, The holding ability on the 60% slope was detemmined
during gradeability tests., With a towed load, the holding ability was
first attempicd on a 10% slope and slopes in increments of 10% were
tested until the holding ability was unsatisfactorv or until unsafe
conditions prevailed.

2.16.4 Results

The stopping distance for the test vehicle, weighing 24,500
pounds on a dry, paved surface are listed in Table 2.16-1. Also
included in Table 2.16-1 are stopping distances of the test vehicle
towing a loaded M113Al, weighing 23,400 pounds, for the same road
conditions,

Table 2.16-1, Stopping Distances for the
XM806E]1 With and Without Towed Load

Average Stopping Distance, ft

Road Speed, mph Without Towed Load With Towed Load
10 7 14
20 27 60
30 77 -

With an M113Al in tow, uneven pulls on the steering laterals
caused severe swerving of the test vehicle during panic stops from the
faster road speeds because the towed weight amplified the uneven brake
applications, liowever, after a few trials the operator was able to
reduce swerving considerably,

The brakes were able to hold the XM806E]l in either attitude on
the 60% slope. With an M113A1 in tow, the brakes of the test vehicle
satisfactorily held facing up a 20% slope but would not hold on the
30% slope. Descending a 30% slope, the brakes satisfactorily held
but steering control became hazardous and slopes in excess of 30% were
not attempted.
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2.16,5 Anllzsls

The brakes of the test vehicle satisfactorily met the criteria
of the MI13A1 and of the XM806El ATPD since they held the vehicle in either
attitude on the 60% slope and stopped within the 40-foot requirement from
a road speed of 20 mph,

Since the stopping distance with a towed load was at least twice
that of the independent vehicle, towing operations should be conducted at
a slower spoed. The operator should be cautioned about the hazards asso-
ciated during towing operations in the operator's manual,

The operator should be advised of the towing hazards when nego-
tiating longitudinal slopes. The warning note should be evident in the
operator's manual. An instructional plate fastened inside the vehicle
warning the operator is to be provided by ECP - EO E1006,

2,17 WINCH KIT

2,17.1 Obiectives

The objectives were:

a. To obtain physical and operating characteristics of the winch,

b. To determine the suitability of the winch to aid in self-
recovery of the vehicle or recovery of other vehicles of
similar weight immobilized in adverse terrain.
To determine any adverse effects the recovery equipment may
have on the operation of the basic M113Al vehicle,

2.17,2 Criteria
Criteria are as follows:

a, XMBOG6El ATPD, Referecne 2. par, 3.6.13.

b. Comparison with M113 recovery vehicle, Reference 3,

2,17.3 Method (MTP 2-2-712)

2.17,3.1 Limits of Vision, Visual restrictions experienced by the winch
operator were noted on polar coordinate paper.
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2,17.3.2 Functional Test, The ability of the winch to recover a fully
loaded M113A1 in various terrain environments was evaluated by recording
line pulls. Recovery operations were conducted on the 10, 30, 40, and
60% longitudinal slopes, in sand and clay courses, and in the Munson
swamp area. In the swamp area, tests were run for direct-pull, maximum
angle of pull, and one position midway between these extremes. The
ability of the vehicle to winch and tow simultaneously was evaluated.
The suitability of guards and safety devices used with the winch was
determined. The ability of the vehicle to winch itself up a 60% slope
was tested. The spade ¢mnplacement and retraction times were checked with
and without the center section. The effectiveness of the center spade
section was evaluated for a soft soil condition by measuring the maximum
line pull attainable with only the side spades and for the same soil con-
ditions the line pull attainable with the center spade section installed.
The effectiveness of level wind cable feeding was evaluated during side-
slope winching operations starting with a 10% side slope and paying in
the cable with no-load. Side slopes were then tested in 10% increments
until unsatisfactory spooling occurred, Vehicle stability was evaluated
on side slopes up to 30% during winching operations.

2,17,3.3 No-Load Line Speed. The no-load line speed was determined at
each spooling layer., The total times for pay-in were recorded. Three
runs were made at each condition.

2.17.3.4 Winch Capacity. The maximum line pull the winch can develop

was determined for each spooling layer, This wu -~ccomplished by gradually
increasing the load on the line until the relief .alve actuated. The line
speed and relief pressure at maximum load were recorded for each condi-
tion. Three runs were made at each condition,

2,17.3.5 NWinch Brake Capacity. The maximum line pull the brake can hold
at each spooling layer was determined by pulling against the brake until
the hydraulic motor was driven in reverse, the relief valve actuated, or
the brake clutches slipped. Line pulls in excess of the winch capacity
(ref par. 2,17,3.4) were not tested. Three trials were made at each con-
dition. The brake release was also checked to determine possible drag or
chatter characteristics,

2,17.3.6 Fleet Angle. The maximum horizontal fleet angles from the
vehicle centerline that the winch may be operated was determined. This
determination was made at full-load, empty spool.

2,17.3.7 0il Temperature. The maximum operating time possible while the
hydraulic reservoir temperature went from ambient temperature to +160°F
was determined using the following sequence:
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a. Starting at full drum, all the cable was payed-out
without load.

b. 15 seconds pause,
€. All the cable was payed-in at specified load.
d. 15 seconds pause,

e. The cycle was repeated until the hydraulic temperature
reached +160°F,

Curves of time versus temperature were plotted using
ambient temperatures of +120°F, +100°F, +85°F, and +30°F for 90% and
50% of the maximuam rated load determined in paragraph 2.17.3.4
for each spooling layer,

No auxiliary cooling device was used during this phase,.
Winching time was counted toward total endurance time. The time
required for the reservoir to cool down to ambient temperature from
+160°F was also recorded for the trials with and without the engine
running,

2,17.4 Results

2.17,4,1 Limits of Vision. A polar plot of the operator's limits of
vision is included in Appendix I. To execute a line pull to the
right of the vehicle with the ramp closed, the operator had to stand
up to view the operation through the cargo access door,

When the spades were in the travel position, they created
& firing and sighting restriction for the cupola gun for approximately
10° of azimuth at two locations over the rear of the vehicle. To avoid
the spades, the gun sight had to be elevated approximately 1.5° above the
horizontal line of sight (EPR K2-38).

2.17.4,2 Functional Test, An M113Al with gross vehicle weight of
23,400 pounds was used for retrieval operations, Table 2.17-1 summarizes
the recovery operations conducted. The final drives were disconnected
on the disabled vehicle, hence the line pull represents the force
required to retrieve a free rolling vehicle. Varying cable lengths were
used during this phase as indicated by pay-in time,
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Table 2,17-1, Recovery Operations for
the XM806E]l and A Disabled M113Al

Elapsed
Amb  Hydraulic Oil Temp, Time
Temp, °F__ Pay-In, Average Line
Terrain Condition °F Start Finish  Min Pull, 1b
Slope, paved longi-
tudinal, %
10 +55 +60 +73 5.2 3000 to 3200
+55 +78 +88 4.4 3000 to 3200
30 +55 +86 +90 2l 6900 to 7400
+55 +94 +97 1.9 6900 to 7400
40 +55 +84 +88 147 9000 to 9500
+55 +90 +92 1.4 9000 to 9500
60 +55 +89 +91 1.2 12400 to 12900
+55 +94 +96 1.3 12400 to 12900
Sand, 7% moisture
cone index:
25 at 3 in, +67 +73 +88 5.7 1900 to 2100
35 at 6 in, +67 +84 +98 5.8 1700 to 2100
SS at 12 in, +67 +85 +90 1.8 1800 to 1900
Clay, cone
index:
50 at 3 in,
100 at 6 in,
200 at 12 in. +65 +95 +107 5.6 2800 to 3600
Sandy loam, 19%
moisture, cone
index: less
than 5 at depths
up to 18 in. +64 +93 +104 8y 7 5600 to 8500
Munson swamp +65 +76 +82 3.3 4400 to 9400
+65 +87 +92 1.6 13500 to 16000
+68 +92 +97 1.5 9000 to 20000
+68 +88 +90 2.1 -
+68 +90 +95 1.7
+68 +90 +105 5.5 -
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The different line pulls recorded for the Munson swamp area is attri-
butable to varying amounts of vegetation build-up and irregular terrain,
The maximum fleet angular pulls during swamp recovery operations did not
display any unstable condition. ‘wo recovery operations in the swamp
area were conducted utilizing the cable bridle as the anchor for a double
line pull, One swamp recovery operation was conducted with the cable
bridle attached to the rear lifting eyes of the disabled vehicle.
Vegetation and mud build-up was quite significant as the disabled vehicle
plowed through the swamp, All other recovery operations employed the
rear towing eyes with the cable bridle,

The XM806E1 simultaneously winched and towed an immobilized
M113A]1 from the Munson swamp area, Caution had to be exercised since
the engine throttle control regulated vehicle and winch drum speed
jointly,

The test vehicle twice winched itself up a dry, paved, 60%
slope., A double-line pull was employed utilizing the cable bridle
attached to the rear towing eyes,

The guards and safety shields provided sufficient operational
protection, One shortcoming was reported for the shiclds. The right
hinge pin for the right rear personnel safety shield worked free twice
during the course of the test (LPR's K-2, 30 and 55(30-2)). The pin
apparently worked tree from vehicle vibration and frequent slamming of
the gate against the ramp when the winch operator left the personnel

compartment,

The effectiveness of the center spade section was evaluated in
loose sand (cone index: 20 at 3 in., 30 at 6 in,, S0 at 12 in,, and
150 at 18 in,) Using the cable bridle provided as OVE, a double-line
pull was attempted. A load of 17,500 pounds was recorded on one line
before the two side spades began plowing sand., The vehicle was re-
located in the sand and the center section was installed, As a load of
20,000 pounds was recorded on one line, the Spades again began to
plow the soil. Sand began to spill over the top of the center section
at the 20,000-pound load condition and the center section did not con-
tribute additional resistance. In a firm soil environment of packed
sandy loam (cone index: 300 at 6 in,) and with the side spades embeded,
a double-1ine pull was applied along the winch centerline using the
cable bridle, At a total load of 42,000 pounds the vehicle began to
pivot about the spades and the road wheels were lifted off the ground.

The spade emplacement and retraction times were evaluated with
and without the center section. Table 2,17-1I includes the results of
the time study for normal and hastened conditions., The times listed
are the result of three trials.

39




Table 2,17-11. Spade Emplacement
and Retra. tion Times

Time, min,
Emplacement Condition Minisum Normal
Emplacement of both side spades 0.3 to 0.4 1
(driver, two crewmen)
Retraction of both side spades 0.3 to 0.5 1 to2
(driver, two crewmen)
Emplacement of both side spades 2.2 to 3,6 4 to S

with center blade from travel
position (driver, two crewmen)
Retraction of both side spades 1.7 to 2.0 5to6
with center spade to travel
position (driver, two
crewmen)

Side-slope winching operations indicated that the levelwind
was marginally satisfactory on the 20% slope. Using only the fair-
leader cable tensioner to provide cable load, spooling was satis-
factory along both directions of the winch drum with the right side
of the vehicle facing up the slope., With the left side of the vehicle
facing up the slope, spooling was satisfactory to the left but cable
separation became evident between wraps when spooling to the right,
Separation was particularly evident in the crossover areas,

The vehicle was stable on the 20 and 30% paved side slopes
without any tipping h#zard, The spades were in the travel position
with the vehicle brakes applied. The 1line pull was made at the
maximum fleet angle down the slope. A line pull of 8920 pounds was
recorded on the 20% side slope before the vehicle began to slide
toward the applied load. A 6560-pound load was recorded on the 30%
side slope before vehicle sliding was started.

2.,17,4,3 No-Load Line Speed. The line speed in low gear for a
19,000 pound load on bare drum was measured at 6 feet per minute
(fpm) (EPR K2-10-(-4-2)), The 6 fpm was significantly lower than
the manufacturer's data of 20 fpm at maximum load, The original no-
load engine speed was 1800 rpm as indicated by the manufacturer's
manual, The no-load engine speed was gradually increased until an
acceptable full-load line speed was achieved. A no-load engine speed
of 2700 rpm provided a 19.4 fpm line speed at full load of 20,000
pounds., Since this was approaching maximum engine speed, 2700 rpm
was established as the no-load engine setting for winch performance
characteristics,

The maximum no-load line speed in both high and 1low gears
was included in Tale 2,17-1I1., The listed data were the average of
three trials.

40



Table 2,17-111. No-Load Line Speed

Speed, fpm
Spooling Layer Tow Gear “Tigh Cear
1 (bare drum) 39 162
2 42 177
3 46 194
4 50 211
5 53 231

No-1load engine idle speed was 2750 rpm,

The effect of engine Speed on hydraulic-temperature increase
and cable-line speed was investigated., The cable load was main-
tained at 10,000 pounds and low gear was used for all winching opera-
tions, Table 2,17-1V lists hydraulic oil-temperature increase and
cable-line speed for various engine speeds, Spooling layer number one
is defined as the bare-drum layer,

Table 2.17-1V, Engine Speed vs Cable
Line Speed and Hydraulic 0il
Temperature for 10,000-Pound

Load in Low Gear

Engine Speed, Hydraulic

n é./ifne Speed, fpm 0il Temp

o u >pooling Layer Increase,
Load load "1 ~ 2 3 T 5 °F
2750 2450 26,2 35.3 37.3 38,7 39.4 +6
2500 2000 20,7 23.3 25.4 27.6 28,7 +7
2300 1800 17,5 21.7 22,1 2d+3 22,8 +5
2100 1700 16.6 19.3 20,2 20,8 21.1 +5
1800 1130 14,1 - - - - -

2.17.4.4 Winch Capacity. The maximum line pull that the winch developed
as tabulated in Table 2,17-V, The data listed were the averages of
three trials at each spooling layer. All loads were applied as a

single line pull along the winch centerline.
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Table 2.17-V, Maximum wWinch Single-Line Pull

Line Pull, 1b

Spooling Layer ‘Low Gear High Gear
1 (bare drum) 20500 4950
2 19400 4250
3 17750 4000
4 16000 3500
S 14800 3150

The relief valve limited the maximum line pull. The
pressure setting at maximum load varied between 1500 to 1550 psi,

2,17.4,5 Winch Brake Capacity. The winch brake was capable of holding
the maximum line pulls recorded in paragraph 2.17.4.4. There was not
any apparent drag or chatter,

2,17.4.6 Fleet Angle, The maximum vertical depression and horizontal
angles from the winch centerline at which the winch could operate at
full load with an empty spool are listed in Table 2.17-VI, The side
spades were embedded to represent typical operating conditions.

Table 2,17-VI, Maximum Winch Oeerational
Angles for Test Vehicle

Angles, de
Teft of Eigﬁt of = Depression
Winch Winch Below Winch
Condition Centerline Centerling_ Centerline
Ramp open, safety 46 51 34
shroud in position
Ramp closed, access 47 10.5 23.5
door open

The left side spade was the restriction for a left side line
pull in both modes, The ramp was the limiting obstacle when the 1line
pull was attempted to the right with the access door open. A line
pull to the right with the ramp down revealed that the right side
:Kade was the limiting factor. The access door opening and the edge of

e ramp were the limiting factors for a line pull below the winch
centerline with the ramp closed and open respectively.
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A 20,000-pound line pull at the maximum fleet angles did
not cause any unstable vehicle condition,

2,17.4,7 0il Temperature., The results of cable pay-out at no load
and pay-in at 50 and 100% of the maximum loads shown in Table 2,17-v
for four different ambient temperature environments are included in
Table 2,17-VII., Except for two wraps on the bare drum, the full length
of cable was paid out. Operations were halted when the hydraulic

oil temperature in the reservoir reached +160°F,

Table 2.17-VII, Operational Characteristics for
XMB06E1 Hydraulic Oil in Various
Temperature Environments

Temperature, °F

~ Hydraulic Number of
0il at % of Maximum Minutes of Cycles

Amb Start Load Operation Completed
+ 30 + 58 100 50 3
+ 30 +100 50 40 3
+ 85 + 96 100 25 1
+100 +103 100 22 1
+100 +113 50 28 2
+120 +127 100 11 0
+120 +125 50 14 0

A complete cycle was defined as full cable-length pay-out
ad in.

The higher temperature of the hydraulic oil than the surround-
ing ambient was caused from the engine idling to reach operating tempera-
ture, The results in Table 2.17-VII appear graphically in Appendix I,

The average rate of hydraulic-oil cool-down from +160°F for
one hour was 0,25 dec per min with the enaine off and 0,64 deec ner
min with the engine idling. Complete cool-down characteristics appear
~ graphically in Appendix I.

2,17.5 Analysis

The winch location in the XM8O6El was similar to the location
in the M113 vehicle, However, the hydraulic system characteristics were
slightly altered. No load engine idle condition for winching with M113
vehicle was approximately 3000 rpm as compared to 2700 rpm for the XxMsO6El.
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The hydraulic relief valve setting was alse changed from 2000 psi on
the M113 to 1550 psi on the XM806El, The subsequent change in the
engine speed and relief valve setting changed the line speed and
maximu= line pull characteristics, Table 2,17-VIII indicates the
differences between the M113Al vehicle and the XM806E]l line speed
and maximum pull characteristics,

Table 2,17-VIII, Line Speed and Maximum Pull
Characteristics of the M113 Recovery
Vehicle and the XMB06El

M113 Recovery

Characteristic XM806E1 Vehicle

Maximum single line pull, pounds
Low gear, empty drum 20900 26275
Low gear, full drum 14800 19170
High gear, empty drum 4950 6000
High gear, full drum 3150 4200

Line speed, maximum, no load, fpm
Low gear, empty drum 39 39.0
Low gear, full drum 53 55.2
High gear, empty drum 162 155.4
High gear, full drum 231 218.4

The test vehicle was versatile during recovery operations,
The cable bridle for a double-line-pull capability and satisfactory
vehicle stabilization during maximum flset-angle line pulls enhanced
recovery operations. Typical recovery operations of a disabled
M113Al vehicle in varying terrains indicated that 50% of the maximum
spooling-layer line pulls was representative of expected cable
loading., Controlled environmental tests at +120°F indicated that one
full cable length recovery operation at 50% load could not be conducted
before hydraulic fluid temperature requxred a halt in operations.
Approximately 40 minutes with the engine idling and circulating
hydraulic fluid were required before another recovery operation could
be attempted., However, in a controlled environment of +100°F, two full
length cable recovery operations could be completed at 50% rated spool-
ing layer load.

Vehicle manuals indicating a 1800-rpm no-load engine speed
should be changed to reflect the required engine speed of 2700 rpa
necessary to achieve the desired full load line speed. Lowering the
engine speed to 2500 rpm had an appreciable affect in lowering
line speed, However, the 1line-speed decrease for engine speeds below
2500 rpm did not have the same appreciable change. For the same load
conditions, the line speed did not significantly affect hydraulic-
fluid temperature increase, Hence, hydraulic-fluid temperature in-
crease was more affected by line pull than by line speed.
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Appropriate warning should be included in the operator's
manual warning of the field of fire restriction imposed by the side
spades in the travel position,

The center spade section was capable of providing an addi-
tional 5000 pounds of towing resistance for a double-line pull
beyond the capabilities of the two side spades alone,

The rear anchors were reported unsatisfactory during the
M113 recovery vehicle test. A double line pull using one anchor,
tended to pivot the vehicle about the side spade on the opposite
side of the anchor under load, The XMBO6El is equipped with an
additional bridle for double line pulls, The bridle mounted on the
two vehicle anchors and provided an eye for the cable chain hook
during double line pulls which is along the vehicle centerline.
The movement produced during the M113 vehicle test is eliminated and
the cable pull resistance is appreciably increased,

The safety-gate hinge-roll pin is to be replaced by a bolt as
indicated by ECP - EO D9968,

The XM806E1 ATPD requires that operating in an ambient air
environment of +115°F, and with an initial hydraulic oil temperature
of +125°F, the hydraulic oil shall remain below +170°F for 300 feet
of cable pay-in at full load. Since the ATPD was not received until
late in the test, this requirement was not specifically tested., How-
ever, extrapolating data obtained from the environmental tests at
+120°F and paying-out the full length of cable prior to pay-in, the
hydraulic system should meet this requirement. The ATPD also requires
that the pressure-relief valve be adjusted to provide a pressure of
1625 ¢ 25 psi. The test vehicle operating relief pressure was
1550 ¢ S0 psi, The pressure setting could have been adjusted to meet
the requirement. All other ATPD requirements, for the winch and
associated components, were met,
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2.18 CRANE

2.18.1 Ubiectchs

The objectives were:
a. To obtain physical and operating characteristics of the crane.
b, To determine limitations and safety factors involved in
using the crane.
2.18.2 C(riteria
Criteria arc as follows:
a. XM806El ATPD, Reference 2.

b, Comparison with Ml13 recovery vehicle, Reference 3.

2,18.3 !Method (TP 2-2-707)

Weapon and visual interference points caused by the crane in its
various positions were plotted on polar coordinate paper, tMeasurements
of angular displacements and crane reach from the side of tne vehicle at
different angles were recorded.

The functional suitability of the crane was tested by removing
and replacing a il113A1 power pack. The power pack was lifted enough to
clear the M113Al and held for ten minutes before rcplacement was
initiated. Observations were made of crane utility and safety.

The force required on the pump handle at the rated capacity was
measured,

The average lifting rate was determined by obtaining the time
required for the crane to move through its limits of travel, The
average distance the crane moved per pump-handle stroke was determined.
Readings were taken, as a minimum, at maximum and no-load conditions,
Three readings were taken, using different perscnnel for each run.

The leakage rate at maximum rated load was determined by raising

the weight to the horizontal boom position and holding for at least 15
minutes, The distance the weight dropped during this period was recorded.
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2.18.4 Results

The crane on the XM800OLL 1s similarly located on the hull as the
M113 recovery vehiclo, The angular displacements weapon and visuul inter-
ference and crane reach from the side of the vehicle were not measured
since any data collected on the XMBUOLLL would be duplication of the M1l5
recovery vehicle data, The data is included in Appendix I,

With a 4000 pound load, the boom could not be traveled through
its vertical limits by one man without a rest period., The effort required
varied from 40 pounds near the lower limit to 80 pounds as the upper linmit
was approached. Corresponding values of vertical motion per stroke ranged
from 0,27 to 0,49 inch. The average distance one man could raisec the
4000 pound weight was 22 inches.

The number of strokes required to move the boom without load
through its limits of travel ranged from 201 to 219 for three different
men., Corresponding lifting times varied from 2,6 to 3.5 minutes, Vertical
movement between the travel limits was 73 inches with the retracted boon.

The crane was capable of holding for one hour, without drift, a
4000 pound load.

Safety factors to be considered when using the crane are listed
in the safety recommendation included in Appendix VI.

The test vehicle satisfactorily removed and replaced an !l113Al
power pack.

2.18.5 Analzsis

The crane was structurally strong enough to hold the design rated
loads, Operation was satisfactory for power-pack removal and replacement
because the cranc was operated intermittently as the power pack was eased
out of the engine compartment. However, the driver effort for continuous
operations with the rated load was excessive. The crane was unsatisfactory
for repetitive operations with a heavy load but it was suitable for
repoetitive operations with a light load or a single operation with a
heavy load.

The crane on the XMS806El was identical to the crane on the
previously tasted M113 recovery vehicle,
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2.19 DURABILITY

2.19.1 Obiective

The objective was to determine the durability characteristics and
reliability of the vehicle and recovery kit over 4000 miles of operation
on prescribed test courses, 100 hours of winch operation and 12 hours of
crane operation,

2,19,2 Criteria

Not applicable,

2,19,3 Method (MTP 2-2-507)

The scheduled endurance operation with a minimum objective o€
4000 miles of operation and 100 hours of winch operation was divided
into alternate cycles of 1000 miles and 25 hours, respectively, A
typical vehicle operation cycle is shown in Table 2,19.1,

Table 2,19-1, Endurance Cycle,
Vehicle Operation

Course Miles Condition
Perryman 266 Level cross-country
Churchville 266 Hilly cross=-country
Primary road 234 Paved
Secondary road 234 Gravel

One vehicle operation cycle was conducted with a fully loaded
M113Al1 in tow, The safety requirements established during the performance
testing were strictly followed,

The vehicle endurance cycle was followed by a winch endurance
cycle which was conducted in the following sequence:

a, The line was reeled in until the first (empty drum) layer
was full, and then payed out using 25% maximum rated load in
both cases,

b, The first drum layer was then payed in and out using 50%,

75%, and finally 100% maximum rated load in the same manner
as in a,

48




¢. The same process described in a and b was repeated for the
second drum layer only, When this was accomplished, similar
runs were made for the third, fourth, and fifth layers.

d. The entire sequence was repeated until 25 hours of endurance
time were accumulated,

e. The winch was allowed to cool for one hour after two hours
of winching.

Actual winching time only was counted toward endurance operation,
At no time during operations was the winch run with hydraulic reservoir
temperatures in excess of 16U to 165°F, An auxiliary cooling device was
used, The maximum and percentages of the rated loads were defined ac-
cording to the characteristics obtained in paragraph 2.17,

After the test vehicle accumulated the prescribed 4000 vehicle
miles, 100 winching hours, and 12 crane hours, a final inspection was
conducted (par. 2.22). The vehicle was operated for an additional 1000
miles, as required in Table 2,19-I, with an ii13Al in tow to evaluate
the durability of a stronger tow pintle (ti548 type). Since the vehicle
was not rebuilt after the prescribed 4000-mile test, all defects that
occurred during the 1000-nile towing test werc reported for information
only,

Prior to the additional 1000 miles of towing, lock washers were
installed on all the sprocket-to-carrier and carrier-to-hub bolts on the
left side per TECOM letter, 7 April 1969 (Appendix VII)., Periodic torque
readings were taken on both sides.,

2.19.4 Results
During the prescribed test phase, the XiI806L1 was operated for

4035 vehicle miles, 102 winch hours, and 12 crane hours. Table 2,19-II
lists the mileage accumulation on the various test courses.

Table 2.19-1I. Vehicle Endurance Operation Completed

Service Miles

Course Without lowed Load With Towed Load
Perryman, level cross-country 734 274
Churchville, hilly cross-country 812 269
Paved, primary road 708 234
Gravel, secondary road 707 237
Totals 3021 1014
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During the 102 winching hours, the most scrious failure occur-
rod after 59.8 hours. Ono spur gear on the stage three carrier assembly
was found tu be brohen into three pieces (LPR K2-45). Sweveral cracks
wore found propagating 1-1/4 inches along the length of the failed gear.
Cracks were found on the two other gears from the same carrier in the
area of the gear-tooth roots. A metallurgical investigation revealed
that there was nc definite fracture pattern that indicated the origin of
failure. The fracturc mode appeared to be Lrittle. A chemical eval-
uation showed that the steel was within specifications and a hardness
study indicated that the case hardness was also within specification.
liowever, the following defects were detected: weak grain boundaries in the
case; carbides at or near the surface of the case; high concentration of
stringer-type inclusions stretched in the longitudinal plane (same
direction as the fracture); aund longitudinal series of oxide-type in-
clusions. The concentration of carbides in the case was the most likely
cause of the fracture. Other factors, such as heavy stringer-type
inclusions, may have contributed to the failurc.,

A rew winch assembly was used to replace the failed components.
The second stage sun gear contained heavy grinding check patterns on the
end face adjacent to the planetary gears (EPR K2-57),

One other mechanical winch drive failure was recorded during the
durabilitvy phase, After 51.8 winch hours, the operator could not com-
pletely engage the winch-control handle in either high or low gear. The
motor-coupling splines which engage with the shift-rod coupling spool
were damaged (EPR K2-35)., Metal was found milled from the edges of the
splines. Apparently, the shift-rod spool became slightly misaligned and
milled the splines of the motor coupler. As a result of the misalignment,
slight wear was evident on the edges of the spool splines that engage with
the planetary gears (EPR K2-36)., The rough-splined surfaces were sanded
and the leading edges rounded to improve engagement, and the winch was
reassembled to the motor., There were no recurring defects for the
remainder of the test.

Only one defect was detected for the hydraulic-fluid system,
Fluid streamed from the counterbalance valve after 5.4 winch hours (EPR
K2-11). Disassembly of the lower head from the valve body revealed a
quality-assurance defect, The gasket was deformed and the valve-body
interface was gouged.

buring winching operations, the operator noticed that the winch
speed was gradually decreasing and finally stopped. Investigation
revealed that the two hydraulic pump drive belts (EPR K2-13) and an
engine cooling fan drive belt (EPR K2-12) failed. Both engine fan belts
were off the pulley but only one was torn and elongated. Two hydraulic
pump drive belts exhibited a distinct break., The outside edges of both
belts were rounded indicating that they had turned on the pulleys. Ap-
parently, when the cooling fan belt failed, it became wedged between the
hydraulic pump pulley and the drive belts, turning the belts over.
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Two failures of the cable assembly were recorded. The first
failure occurred after 51.8 winch hours when the chaln link connecting
the chain to the cable failed (LPR K2-32), The tailure occurred at the
junction of the weld tou the parent metal. Gas pochets were evident on
the failure surface and the weld itself only covered approximately 80% of
the surface. The second failure occurred after 57.1 winching hours, wnei
one strand of the cable snapped (LPR A2-42), The cable was repluced and
performed satisfactorily without failure for tue renainder of the test,

Additional incidents were recorded that were directly related to
the winch-recovery conmponents, buring winch operations, the cable fai.ed
causing the fairleader cable tensioner to rotate rapidly, The tensioner
handle struck the mounting basc and failed the tensioner eye-bholt
(EPR K2-33). If the handle is ecither completely in the pay-out or pay-in
position, the fairleader is able to rotate throagh a full circle without
interference. Apparently, either the operator did not have the handle
locked in the detent position or centrifugal force pulled the handle out
of the detent position. The rcplacenent-handle detent position was wider
to provide a more positive lock (EPR K2-33s), The fairleader tensioner
roller (EPR K2-37) and lower pulley (LPR K2-52) were replaced when a flat
was found worn on both parts. Improper adiustment by the manufacturer on
the friction pins did not allow the tensioner roller to rotate, allowing
cable rubbing to wear the parts. The level-wind shaft collars that limit
the travel of the pulley were found pushed against the trunnion caps
(LPR K2-58). The setscrews that sccure the collar were not effective to
resist the side loading of the pulley. Weld cracks were found on thc rear
edge of the winch control valve bracket (EPR K2-00). The cable intcrfered
with the forward spacer between the cable retainer wheels on the floating
pulley (LEPR K2-9), The spacer was relocated downward one nounting hole to
eliminate the interference. After 50,9 hours of winch operation a groove
was found worn in the fairleader bearing locking collar (EPR K2-23)., The
1/8-inch deep groove was worn from cable scrubbing. The inboard pivot pin
bushing for the right spade worked partially out of the mounting hole
(EPR K2-15). The right hinge pin for the right personnel safety shield
worked free (EPR K2-30). Vehicle vibration and the constant slamming of
the safety shield against the ramp door both contributed to the pin working
free. Cracks were found in the weld that secures the ramp safety chain eye
tn the right spade (EPR K2-17), With the spade in the embedded position,
a4 crack propagated along both top edges of the eye after approximately
40,6 hours of winch operation with the ramp down and the chain holding the
ramp, The outboard corners of both stoplight guards were found gouged
from interference with the hook of the spade position cable in the travel
position (EPR K2-16)., After 3395 vehicle miles and 55,2 winch hours, one
screw that secures the hydraulic pump mount loosened (EPR K2-41). The
filament in the hydraulic-fluid temperature-warning light bLulb was burned
after 55.3 hours of winching operation (EPR K2-39).

Torque measurements of the winch, fairleader, and level-wind
mounting bolts were recorded periodically throughout the test, LPR's
K2-22, -43(22-2), -67(22-3). Table 2.,19-III lists the recorded mounting
bolt torque for various vehicle miles and winching hours, After each
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series of torque readings werc recorded, the bolts were torqued to spec-
ification, The miles and hours listed represent the operation completed
vetween measurements,

Table 2.19-111, Winch Component Mounting Bolt Torques

Jdcasured, lb-ft
Specified, ~ Iiles/llours of Operation

Location 1b-ft 1807/50.0 183178.0 347/41.0

Level-wind to mounting base 225-250

Right front 240 250 250

Left front 250 250 240

tight rear 240 245 250

Left rear 240 250 210
winch to wincih nount 225-250

Right front 100 - 250

Left front 50 - 250

Right rear 160 - 200

Left rear 160 - 240

ivinch mount to mounting base 212-234
Left (front to rear)

1 170 230 190
2 220 230 195
3 215 205 210
Right (front to rear)
1 150 230 230
2 170 230 230
3 75 230 225
Fairleader to mount 190-209
Left (front to rear)
1 165 175 200
2 170 190 150
3 205 209 150
Right (front to rear)
1 170 209 195
2 170 209 150
3 200 195 150
Center (front)
Left 205 205 140
Right 170 209 130
Fairleader mount to mounting 107-118
base
Front (left to right)
Left 0 75 107
Center 70 70 115
Right 50 25 114
Rear (left to right)
Left 50 115 100
Center 105 115 110
Right 85 115 108
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Two Jdofects were noted during the 12 hour crane durability test.
After 3 hours, the locking nut that secures the packing in the punp handle
socket worked loose¢ allowing hydraulic oil to lcak from the crane
resoervoir (LPR K2-47), llydraulic fluid streamed from the cylinder pressure
relief plug after 10,5 crane hours (EPR R2-43). “Three defective areas
wore noted on the V-ring seal,

Two modifications were nade to the test vehicle as received from
the manufacturer. DPrior to the start of testing a retainer chain for the
hyvdraulic tank cover was installed with a clamp around the tank filler neck
prior to testing operations as per the manufacturer's instructions and
approval by USATACO!N. The retainer was installed to climinate the pos-
sibility of losing the cover, and reducing possible hydraulic fluid
contamination from placing the cover on a dirty surface (EPR K2-0). After
3049 vehicle miles and 58.9Y winch hours, a ihydraulic fluid temperature
gago was installed on the hydraulic tank (LPR K2-44), Both modifications
were satisfactory for the period tested.

During the winch endurance phase of testiing, fuel mixed with
burnt carbon sceped from the joints of the exhaust nanifold and collected
on the right sponson ia the engine compartment (LPR K2-18), This cun-
dition was o.uly evident during prolonged periods of winching operation
when the engine idled frequently for long periods. The lecakage fron the
exhaust manifold ceased when the vehicle was driven. Although this con-
dition was evident during testing, it is unlikely that actual ficld usage
will require similar excessive idling,

The most noteworthy incidents during the vehicie-cndurance phase
of testing occurred during towing operations. The basic M113Al tow
pintle failed repeatedly during the scheduled 1000 miles of towing
operations. Table 2,19-IV lists the pintle failures and the accumulated
mileage between failures.

Table 2,19-IV. Pintle Failures on X'806E1
Towing M113Al1 Weighing 23,400 Pounds

Failure Towed Mileage per Failure
1 39 miles, level cross-
country
2 59 miles, level cross-
country
3 247 miles (178 miles level

cross-country, 69 nmiles
hilly cross-country)

The first pintle failure was the result of a side load on the
locking jaw (EPR K2-24), One ear of the lockjaw was bent 2nd the hinge
pin was sheared. The second pintle failed because of an impact loading
on the pintle (EPR K2-28(24-2)). The pintle shaft was found broken
adjacent to the locking nut along the inside surface of the ramp.
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The failed surface indicated i tensile failure without indication of meiul
fatigue. The third failure was the result of a similar side loading
reported for the first failure (LPR K2-31(24-3)). .o additional pintle
failures occurred during the remaining 669 miles primarily over paved

and gravel terrain,

AMfter Y72 niles of towing operation, a d4-inch hairline crack was
found on the exterior face of the ramp (EPR K2-49), The crack propagated
along the left weld for the ramp center hinge support rib, The crack did
not impair vehicle towing operation,

Additional M113Al basic components vere found defective during
the 4035 miles of vehicle operation, Two shock absorbers were replaced;
the right front after 1802 miles (EPR K2-27) and the left rear after
3395 miles (LPR K2-40), 7he drive sprockets were reversed after 2084
miles of which 327 miles were with a towed load (LPR r2-25), The sprockets
were replaced after an additional 505 miles all of which was with a towed
load (EPR K2-34). ‘7Tne replacencent sprockets were opcrated for 1431 miles,
of which 172 niles were with the towed load, Lefore they were worn suf-
ficiently to warrant reversal (LEPR K2-54), After 3049 test miles, with
all the towing operation completed, 30 track shoes were found extensively
cracked (EPR K2-40), The right number one torsion bar railed inside of
the right spline after 1302 vehicle miles (EPR K2-20).

The larger tow pintle (7760103) that replaced the standard :1113Al

tow nintle (511lu-1) was tested for 1024 miles over the courses listed in
Table 2,19-V,

Table 2,19-V, Vehicle Operation with Large Tow Pintle

(Course ‘iles
Perryunan, level cross-country 272
Churchville, hilly cross-country 206
Paved, primary road 234
Gravel, secondary road 252
Total 1024

The new pintle installation required a larger ramp hole and four
additional parts (EPR K2-70).

Several vchicle components were replaced during the additional
1024 nmiles of operaticn. Twenty-nine track shoes were found with at
least one crack and five shoes were found with damaged bushings (EPR
K2-73(46-2)). Three road wheels were replaced because the steel wear-
plate rivets were sheared and the plates gouged (EPR K2-72), The rubber
bumper for the right front road wheel was pulled from the backing
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plate (LPR K2-74), Dirt and water were found in the right nunber one
road wheel arm assemblies (LPR K2-75), The seals and bearings were
replaced,

The lock washers were installed on the left sprockcts and car.ier
(EPR K2-04) per TLCOU letter, Appendix VI, The bolts were checked three
times during the 1lUl4-mile test. There was no appreciable difference 7
between the torque for bolts with and without lock washers,

A total list of the deficiencies and shortcomings appears in
Appendix 1V,

Fuel consumption for the various test courses and winch operation
is listed in Table 2,19-VI,
Table 2,19-VI. Fuel Consumption of XM80GEl Vehicle

with and without M113A1 in Tow

Fuel Consumption, mpg

Without with
Course or Function Towed Load Towed Load
Perryman 2,16 1.15
Churchville 2.14 1,28
Paved 2,99 1,77
Gravel 2,26 1.44
Winch operation 20,22 -

30perating hours per gallon,

During endurance operations, 123 quarts of engine oil were added.
The oil was added on the average of 57,2 miles per quart as an independent
carrier; 55.9 miles per quart with a towed load; and 4,2 winch hours per
quart,

2,19,5 Analzsis

The addition of the recovery equipment to the basic M113Al
vehicle did not degrade the durability of the standard carrier. The
failure incidents reported for the common Ml113Al parts were similar to
that normally experienced during a typical M113Al duty cycle.

Failure to maintain a satisfactory degree of quality assurance
was responsible for several component failures. Analysis of the failed
winch stage-three spur gear indicated a material weakness. The magna-
flux inspection of a new winch assembly revealed grinding checks on the
face of the second stage sun gear. The winch is a government furnisned
iten to the manufacturer for addition of the grooved drum (The P30 winch




is used for the boom in the M578 recovery vehicle,) The quality
assurance of the counterbalance valve is the responsibility of the
XM806E]1 manufacturer. A similar incident was reported during the
M113 recovery vohicle test (Appendix VII, Reference 3).

1f the hydraulic pump drive belts had not failed when the
engine cooling fan belts failed, the operator would not have been
aware of impending damage to the engine, The winch operator's view
of the engine instrument panel is obstructed. In lieu of providing
wamming lights for excessive engine temperature and low oil pressure
in view of the winch operator, the operator's manual should require
that a crew member remain in the driver's compartment to monitor
the vehicle instrument panel,

The 1level wind modifications since the M113 recovery vehicle
test have apparently improved the life of the floating pulley and
the cable. The life of both components has been increased. However,
the modifications were only one contributing factor since line pull
has been significantly reduced (par. 2.17), In general, the cable
under normal usage should experience a life from 50 to 60 hours,

The fairleader cable tensioner handle interference with the
mount caused the reported damage to the eye-bolt. This inter-
ference was also reported during the M113 recovery vehicle test. The
cheater bar, provided as OVE, is required to rotate the tensiocner
handle, The operation would not be altered if the tensioner handle
were shorter to eliminate the interference,

The M548 type tow pintle was sufficiently durable for 1024
towing miles.

The manufacturer's attempt to eliminate bolt loosening of the
winch components, reported during the M113 recovery kit test, by pro-
viding larger diameter bolts with increased torque was unsatisfactory.
The organizational maintenance manual should provide for a periodic
check of bolt torque,

Engineering Change Proposals (ECP) and future Engineering

Orders (EO) have been initiated. Table 2,19-VII list includes those
proposals:
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Table 2,19-VII, Change Proposals and Engineering Orders

Item ECP - EO
Large tow pintle (M548-type) D9969
Hydraulic temperature gage D9762
Winch control-valve bracket E1134
Modified stoplight guard R9969

The proposals as well as an improved quality control should
be incorporated in future vehicles.

2,20 MAINTENANCE EVALUATION

2,20.1 Objoctive

The objective was to evaluate the practicability, the ease
of performance, man-hour requirements for scheduled and unscheduled
maintenance, and adequacy of the maintenance package with regard to
direct support and general support,

2.20.2 Criteria

Criteria are as follows:

a, MI113Al1 military specification, Reference 1, par., 3.2.1.

b. XM806El ATPD, Reference 2, par. 3.2.1.

c. Comparison with M113Al,

d. Comparison with M113 recovery vehicle, Reference 3.

2.20,3 Method (MTP 2-2-503)

Scheduled maintenance was conducted in accordance with in-
structions supplied with the vehicle.

Maintenance analysis was developed by identifying and record-
ing all maintenance time required during testing. The evaluation pro-
vided judgment in the cancellation or adjustment of the data on
failures of components that were known to have been corrected before
the conclusion of the test,
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Maintenance analysis was based on maintenance man-hours, ratio
of man-hours to total operating hours, maintenance time, and ratio of
maintenance time to operating hours,

The maintenance man-hours and maintenance time are compiled
using the following breakdown:

a. Maintenance performed on standard vehicle components,
b. Maintenance performed on the winch components.
¢. Maintenance performed on the crane components,

d. The total of a, b, and c.

2,20,4 Results

A total of 392.2 hours of operation was required to complete
the 4035 vehicle miles, 100.9 winch hours and 12 crane hours. The
average vehicle speed was 14.45 miles requiring 279.3 hours of
operation,

Total maintenance, scheduled and unscheduled, amounted to
148, 3 man-hours which was 38% of the total 392.2 hours of operation.
In terms of vehicle hours, the total maintenance time was 25.4%
of the total operational hours, Scheduled maintenance (reversing
sprockets, inspections and lubrication) required 68.6 man-hours and
unscheduled maintenance 79.7 man-hours. The unscheduled maintenance
was divided between 37.4 man-hours for the vehicle, 41.7 man-hours
for the winch, and 0.6 man-hours for the crane. General support
maintenance for the winch required 32 of the 41,7 man-hours.

The unscheduled maintenance expended on the basic vehicle and
recovery components were due to the failures listed in Appendix V,
Appendix V also includes a maintenance summary sheet.

2.20,5 Analzsis

Subparagraph (b) of both criteria requires that: '"Vehicle
shall require no replacement or major overhaul of any major auto-
motive component during 4000 miles of normal operation." The XM80GE]
successfully met the criteria if only the strict compliance of auto-
motive is followed. liowever, the winch is a major component for the
completion of the mission of the XM806El., Considering the general
support repairs for the winch gear train, the test vehicle did not
meet the criteria,
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The winch unscheduled maintenance for the MI113 recovery vehicle
Appendix VI (Reference 3), was 33.8 man-hours compared to the 41,7
man-hours for the XM806El. The largest part of the XMBOGE]l maintenance
vas the 32 man-hours required to repair the winch gear train. The crane
umschedulecd maintenance of 2.2 man-hours for the M113 recovery vehicle
was reduced to 0.6 man-hours for the XM806El, It is inappropriate to
compare the vehicle unscheduled maintenance between the M113 recovery
vehicle and the XM806El, since the M113 was rebuilt prior to test and
the XM806El was a new production vohicle.

Maintenance per operating hour for the entire XMBOGEl was
less than the maintenance required for a basic M113A1l, USA Reg No.
12FTO3, (USATECOM Project No., 1-4-2620-06) during a 3848-mile test,
Table 20-I lists the maintenance requirements of the XM806El and the
M113A1,

Table 20-I, Maintenance Requirements of
XM806E1 and Standard M113Al

XM8OG6E1 M113A1
Scheduled maintenance, vehicle hours 53.6 30.0
Unscheduled maintenance, vehicle hours 46.0 48.5
Maintenance man-hours per operating 0.38 0.48
hour, man-hours
Average length of each stoppage, vehicle hours
Organizational (driver) 0.10 0.16
Organizational scheduled 1.12 1.82
Organizational unscheduled 0.78 0.87
Direct and general support 16.0 1.70
Total vehicle down time per operating hour 0.12 0.22
Total vehicle maintenance hours per 0.25 0.36

operating hour (not to be confused with
saintenance man-hours)

The higher scheduled maintenance time for the XM806" . occurs brcause
the winch requires periodic scheduled maintenance, e, g., cable main-
tenance. The lower unscheduled maintenance time for the XMS806El

is probably attributable to product improvements and MWO's which have
been incorporated since the early 1966 test of the M113Al,
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2,21 HUMAN FACTORS

2.21.1 0b10ctive

The objective was to determine the suitability of the seating,
visibility, arrangement of controls, instrument displays, entry and
exit for all personnel, and general comfort to include noise level,

vibration response, and vehicle pitch, bounce, and stability.

2.21.,2 C(Criteria

Comparison with M113 recovery vehicle, Reference 3.

2.21.3 Method (MTP-2-2-803)

A human factors review of the vehicle was made under both
static and dynamic conditions, with primary emphasis on the winch and
crane., The review was integrated with planned testing. Specific
items considered with regard to human safety, comfort, efficiency, and
ease of operation included the following:

a. Space requirement for ease of operation and maintenance.

b. Control display relationships.

c. Work space layout.

d. Safety in operation and maintenance.

e. Environmental factors such as temperature, humidity, dust,
noise, and vibration,

f. Communication,
g. Readability of such items as dials and meters.

h. Comfort, which may significantly affect efficiency of
operation and personnel,

i. An accumulation of nauseous and irritating fumes in an
amount that has an effect on personnel.

2.21.4 Results

The test vehicle over-the-road operational characteristics
appeared similar to a basic M113A1 APC, Since latch openings and
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basic hull configuration were the same as the standard carrier, toxic
fumes and noise-level studies were not conducted.

The crane pump handle operational force was excessive for heavy
loads (par. 2.18).

In general, the winch components were readily accessible for
maintenance and operation within the imposed space limitations of the
personne!l compartment,

2.21.5 Amlzsis

Several improvements were made on the XM806E]l since the M113
recovery vehicle test. The walk-way to the left of the winch was
improved by the relocation of the fire extinguisher and rifle mounting
bracket. The center stowage-tray congestion was satisfactorily alle-
viated by relocating the snatch blocks and crow bars. A personnel
safety shield was provided to the left side to afford the winch
operator maximum protection., The center spade locking pins provide for
rapid assembly with the side spades, A cheater bar was provided for the
winch control handle to reduce operator fatigue for prolonged winch
operations.

Vehicle maintenance was made easier by the addition of rosan
inserts in the hull channel supports for the winch mount, The access
hole in the sheet metal assembly over the winch left side facilitated
lubrication of the winch drum,

The force required on the crane pump handle is excessive for a
continuous lift of a maximum rated load. However, it is unlikely that
field usage will require a continuous effort., Power pack removal is a

slow operation requiring only intermittent 1ifts and the crane can be
successfully employed.

2.22 FINAL INSPECTION

2.22,1 %joctivo

The objective was to determine the condition of the vehicle at
the end of test and predict to some degree the ability of the vehicle
to continue in service.

2.22.2 Criteria
Not applicable.
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2,22.3 lethod

Visual inspections were made of the vehicle suspension, hull,
crane and asgociated winch components. The hydraulic pump flow rate
was measured., The winch was completely disassembled and magnafluxed,
A magnaflux inspection was also made of the levelwind floating
pulley,

The transmission was disassembled and the clutch plates were
measured for wear, All worn plates were replaced according to the
criteria for the transmission in TM 9-2520-254-3/5,

The vehicle was reassembled and operated for an additional
1000 miles to evaluate the durability of a stronger tow pintle
(Appendix VI),

After the additional 1000 miles of operation, the vehicle was
inspectes, Visual inspections were made of the suspension and hull in
the area of the ramp door, The transmission was disassembled and
cluten plate wear recorded.

2,22.4 Results,

The magnaflux inspection of the winch components revealed only
one defective assembly, Cracks were found on the stage-one carrier
planetary gears (EPR K2-79), At least one crack was found on each of
the three gears propagating along the tooth root. The cracks were
approximately 1/2 inch in length, which represents one half of the
gear width,

The magnaflux inspection also revealed cracks in the levelwind
floating pulley spoke ribs (EPR K2-80)., The spoke rib cracks were
evident on both sides of each spoke near the pulley hub,

Visual inspections revealed additional defects directly
attributable to winch or crane operations. The inboard surface of
the right fender was found cracked (EPR K2-62), The crack propa-
gated along the rear of the short vertical weld and at a 45° angle
from the weld into the fender, The stress induced when the side
spades are embedded caused the crack, A weld crack was observed
propagating along the top and front of the left front fairleader
channel hull mount (EPR K2-63), The top crack propagated through the
weld to the underside of the floor plate crossmember. The setscrew
that secures the levelwind floating pulley shaft to the trunnion cap
was found broken (EPR K2-81). The failure appeared to be the result of
an excessive torque when the levelwind was initially assembled because
the failure occurred the thickness of the jam nut from the top of the
screw, The fairleader casting pilot hole for the guide roller was
elongated 0,050 inch during the 100.8 hours of winch operation (EPR
K2-76). The wear did not degrade the performance of the cable
tensioner,
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The crane was disassembled and inspected. The internal components
showed only minimal wear, However, some wear was evident on the boom and
hydraulic cylinder pivot pin mounting holes (EPR K2-77), The boom pivot-
pin hole was worn 0,050-inch, The hydraulic cylinder upper pivot pin
mounting hole 0,015 inch and the hydraulic lower pivot pin mounting
hole 0.02S inch., The wear did not degrade the operation of the crane.

The winch hydraulic-system components were all disassembled and
inspected. Visual wear was not evident in the control valve, counterbalance
valve, motor, or pump. The hydraulic fluid flow rate was measured during
initial inspection and after 100,8 hours of winch operation. The results
appear inTable 2.22-I for various engine speeds and line pressures,

Table 2,22-1, Hydraulic Pump

Flow Rate
Operating Condition Flow Rate, gom
Pressure, Engine Speed, Initial Final
psi mmn Inspection Inspection
0 580 7.0 8.1
0 1320 16.0 18,0
0 1800 22.0 25.0
0 2000 26,5 2753
1000 550 6.0 5.9
1000 950 10,0 9.3
1000 1120 13.0 12,3
1000 1610 18.0 18.8
2000 550 5.0 5.0
2000 850 7.5 7.5

Several M113A1 components were found defective; however, the defects
were attributable to the basic vehicle and not to the addition of the
recovery components. The right number one torsion bar was found
broken immediately inward.of the anchor splines (EPR K2-65(26-2)).

All the rubber was missing from the left inboard number four road wheel
(EPR K2-66). The left and right number 1 road wheel housing seals were
leaking from dirt accumulation on the sealing surface (EPR K2-68), The
right front shock absorber was leaking (EPR K2-69(27-2)). The generator
drive pulley was found to have an excessive amount of backlash

(EPR K2-71), The drive shaft splines were serviceable with only minimal
wear evident, The pulley was in operation for over 4000 vehicle miles
and 100,8 hours of winch operation.

The transmission wear criteria in TM 9-2520-254-3/5 states
that the original thickness of 0,150 to 0.156 inch for the bronze rotat-
ing friction plates can be worn to a thickness of 0,145 inch before
replacement and that the externally splined steel plates are acceptable
until the dish exceeds 0,005 inch. After 4035 miles of vehicle operation
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100 miles of which were with an M113Al in tow, only clutch plates in the
low and intermediate ranges showed signs of wear (EPR K2-61), All the steel
plates in the intermediate range and three steel plates in the low range
exceeded the dish criteria and were replaced, Altnough the bronze plates

in these ranges were worn, according to the criteria, they were still
serviceable, The more noticeable wear in the low and intermediate ranges
is directly attributable to towing operations,

The test vehicle was operated for an additional 1024 miles to
evaluate the durability of a stronger tow pintle,

Table 2.22-II indicates the clutch plate wear during the 1024
miles with an !t113A]1 in tow, The plates are listed in order from the
apply piston with B denoting bronze plates and S denoting steel plates.

Table 2,22-11, Clutch Plate Wear

Clutch Plate Measure- Clutch Plate Measure-
ments Prior to 1024 ments after 1024

“Miles of Towing Miles of Towing
Operation Operation
Dish, Ihickness, Dish, Thickness,
Position in in, in, in, Remarks or Condition
High range
1B 0.000 0.152 0,001 0.152 Good
2S .000 .093 .005 .093 Good
3B .000 §153 .001 o33 Good
4S .000 .093 .002 093 Good
SB .000 .1535 .002 .153 Good
6S .002 .093 .002 093 Good
7B .000 .153 .001 . 1525 Good
8S .000 2975 ,000 .2975 Good

Intermediate range

ajs .002 .095 .033 .095 Narped
2B .002 . 150 .040 . 140 Worn and pitted

a3s .002 0935 .015 .093 Warped
4B .004 . 146 .009 .143 Worn and pitted

ass .002 .094 .090 .094 Warped and elongated
5B .002 . 149 .030 .143 Worn and pitted

3Vew clutch plates installed prior to 1024 miles of towing. All other
plates experienced a life cycle of 5080 test miles, of which 2024 miles
were with an !1113A1 in tow,
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Table 2,22-II (Cont'd)

Clutch Plate Measure- Clutch Plate Measure-

ments Prior to 1024 ments after i024
Miles of Towing Miles of Towing
eration Operation
DIsh, Tckness, Dish, Thickness,
Position in, in, in, in, Remarks or Condition
Low range
a)s 0.000 0.915 0.008 0,915 Slight heat marks
28 .007 152 .007 . 142 Worn on one side
233 .005 .095 .120 .095 lleat marks, elongated
4B .002 1511 .008 . 140 Worn and pitted
ass .004 .095 .008 .0945  Warped and elongated
68 .002 152 .010 . 146 Worn and pitted
7S .02 .095 .020 .095 Warped

Reverse range

18 .002 .094 .001 .094 Good
28 .000 .153 .004 4152 Good
3s .004 094 .004 .094 Good
48 .003 .152 .001 .152 Good
58 .005 .095 .005 .0945 Good
68 .000 154 .000 .153 Good
75 .000 .094 .003 .094 Good
88 .002 .151 .001 .151 Good

aNew clutch plates installed prior to 1024 miles of towing. All other
plates experienced a life cycle of 5080 test miles, of which 2024
miles were with an M113Al in tow,

Three steel plates were found elongated (egg-shaped) and heat
scored (EPR K2-82(61s)). The inside diameter of a new steel plate
is 7.183 inches, The elongation and the plate position was as
shown in Table 2,22-III,
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Table 2,22-111, [longation and Position Data

Minimum Diameter, Maximum Diameter,
Position in, in,
Intermediate range
5S 6,863 7.172
Low range
3S 6.914 7.203
5S 6,900 7.121

During the first 4035 miles of operation, wear was not excess-
ive, however, some pitting was evident, The additional 1024 miles of
towing accelerated the wear rate, The steel plates experienced a
temperature rise from the increased clutch slippage as the bronze
plates became worn, The low range plates were sufficiently elongated
under the applied heat to damage the the low range clutch hub,

A 4-inch-long hair line crack was found on the exterior face
of the ramp along the left weld of the center hinge support rib
(par. 2,19)., After the additional 1024 miles of towing, the crack
extended 1-1/8 inches from the outside diameter of the ramp pintle
holw downward 6-3/8 inches (EPR K2-84(49s). Hence, the additional
towing increased the crack only 2-3/8 inches in length. No other
defects in the ramp or hinge pins were found,

Several additional defects were observed after the final inspec-
tion, Two weld cracks were found on the forward vertical rib of the
hydraulic pump bracket (EPR K2-91). Examination revealed minimal weld
penetration into the parent metal, Only four of 12 springs in the engine
drive coupling were found to be in satisfactory condition (EPR K2-83),
Three springs had broken and fallen from the mount and five springs re-
mained in the mount but were broken. The broken springs were at the
bottom of the flywheel housing., The 0il coolant outlet gasket failed
causing a water coolant leak which amounted to a loss of two to three
gallons during eight hours of operation (EPR K2-85)., The lower bushing
for the right rear shock absorber was worn excessively (EPR K2-88) and
subsequently damaged the road wheel arm mounting pin (EPR K2-89),

The bushing seals were also found worn (EPR K2-90),
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2,22.5 Analzsis

Several significant defects noted during the final inspection
of the M113 recovery vehicle (Appendix VII, Reference 3) were also
found on the XM806El. The re-occurring defects were: fender cracks,
fairleader channel-mount weld crack, levelwind setscrew failure and
levelwind pulley-spoke cracks. The failures after the current test
were hot as severe as the M113 recovery vehicle test, i.e,, only one
fender was cracked compared to two, the floating-pulley life was
increased approximately 50 hours., However, the cable loading has
been significantly reduced (par. 2.17).

The fairleade: hull-mount design will be changed to a full-
length channel rather than the present design of three short channel
section as per ECP - EO E1195.

All the defects cited above were reported as shortcomings.
The vehjicle was operational prior to the final inspection and the
defects did not limit the efficiency of the test vehicle, It is
likely that the test vehicle could have continued in operation, however,
it is difficult to assess how long operation could have continued before
the defects would become severe enough to halt operation.

The transmission wear after 4035 miles of vehicle operation,
1000 miles of which were with a M113Al in tow, was satisfactory. When
the vehicle is scheduled for rebuild, all clutch plates should be
replaced, The wear rate is accelerated if any worn plates are reused
as was indicated by the additional 1024 miles of towing,
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SECTION 3, APPENDICES

APPENDIX I - TEST DATA

Basis Dimensions of XM8U6LE! Recovery Vehicle

A= P-EE |

88 in, 94 in,

- 210-3/4 in, -

Maximum Width (Track Shield to Track Shield), 105-1/2 Inches
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Center of Gravity for XM8CoEl Recovery Vehicle Weighing 24,500 Pounds
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Acceleration (Time-Distance) Characteristics of Test Vehicle

Engine: Model No. 6V53
Transmission: Model TX-100-1
Steer Unit: ‘'lode!l No., DS-200
Test Weight: 24,500 Lb
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Road Speed, mph
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Acceleration (Time-Velocitv) Characteristics of Test Vehicle

Engine: Model No. 6V53
Transmission: Model TX-100-1
Steer Unit: Model No., bS-200
Test Weight: 24,500 Lb
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Temperature, °F

Hydraulic Oil Time-Temperature Characteristics
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Temperature, °F

Hydraulic Oil Time-Temperature Characteristics

Ambient Temperature - 85°F
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Temperature, °F

Hydraulic 0il Time-Temperature Characteristics

Pay-out at no load
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Temperature, °F

Hydrsulic Oil Time-Temperature Characteristics
Ambient Temperature - 120°F
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Crane Angular Displacement and Reach Beyond Side of
M113 Recovery Vehicle and XMBOG6E!

Relative to Reach beyond Side of
the Horizontal, deg Vehicle, inches

Short Boom (45-Inch Boom Length)

-80,5 2
-69 10
-60 16
-49,5 22
-36 28
0 32-3/4 (max)
+19 28
+31,5 22-5/8

Extended Boom (60-Inch Boom Length)

-80.5 3-13/16
-74,5 10

-68 16

-61.5 22

-54 28

-45,5 34

-35,5 40

-20 46

0 47-3/4 (max)

+ 8 46

+22,5 40
«31,5 34-7/8
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Figure II-1:

APPl

Left Front

NDIX [T - PHOTOGRAPHS

View of XMB06E1 Recovery Vehicle.
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Figure II-2: Left Rear View of XM806L1 Recovery Vehicle,

Figure II-3: Front View of XM806E]l with Crane Boom in Fully Extended
Position (3000-Pound Capacity).
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Figure II-4: Left Side View of XM800El with Crane Boom in Retracted
Position (4000-Pound Capaci

Figure II-5: Top View of XM806El Indicating Stowage Provisioas.
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Figure 1l1-6: Rear View of XM806FE1l Recovery Vehicle,

Figure I1I

7.

-/3

Rear View of XM806E1 Showing Safety Gates in Position.
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I11-6

Front View of Fairleader Assembly,

Figure I1-9:
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Figure

I[I-11:
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I1-11

Rear View of Engine Compartment,

Figure I1I-14:
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Figure II-17: TeSt Vehiclie Successfully Winched Itself Up the 60%
Slope Using a Two Part Line Pull.
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Figure I1-20: Typical
Failure of Standard M113A1 Tow
Pintle.

Figure II-22: Side View and
Close-Up of Failed Area. Shaft
Appears to Indicate a Shear
Failure, However, Failed Surface
Indicated a Tensile Failure,
Angled Break Probable Occurred
When the Vehicle Negotiated A
Bump on the Cross-Country Course.

Figure I1-21: Towing Pintle
That Failed After Towing An M113A1l
For 59 Miles Across Level Cross-
Country Terrain,

Figure II-23: Standard M113Al
Tow Pintle Is Shown Below Larger
Pintle (M548 Type) That Was Satis-
factory for 1024 Miles of Towing
Operations. Six Inch Ruler Indicates
Relative Size Difference.
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Left: Internal View, Right: External View,

Figure [1-24: Internal and External Views of Winch Stage Three Carrier
Housing Planetary Gear That Failed After 59.8 Winch Hours. Arrows Indicate
Cracks That May Either Have Resulted from the Impact Loading At the Time of
Failure or from Material Weakness.

Figure II-25: Spur Gear Figure II-26: New Second Stage
from the Same Housing As the Sun Gear As Received from the Manuf-
Failed Gear Shown in Figure II-24, acturer. The Assembly Was Intended
Arrows Point to Cracks Along for Use As A Replacement Component.
Tooth Roots. Surface Cracks Probably Resulted from

Heat Checking during Grinding Operations.
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Figure 11-27(a). Figure 11-27(b).

Figures 1I[-27(a) and I11-27(b): Arrows Point to Typical Cracks Found
in Level Wind Floating Pulley Spoke Support Ribs. Figure I11-27(a) Shows
Pulley for the XM806El Vehicles and Figure II1-27(b) Shows the Pulley for
the M113 Recovery Vehicle.

Figure 11-28(a). Figure I1-28(b).

Figures 1I-28(a) and 11-28(b): Figure II-28(a) Shows Crack Found in
Right Fender of the XM806El during Final Inspection. The Crack Has Been
Accented with Dye. Figure I1-28(b) Shows Right Fender After the Final
Inspection of M113 Recovery Vehicle.
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Figure I[I1-29(a). Figure I1I1-29(b).

Figures II1-29(a) and II-29(b). Figure II-29(a) Indicates How Fair-
leader liad Rotated Where Fairleader Mount llas Interfered with Tensioner

tlandle. Torsion Failure of Tensioner Eyebolt Is Shown In Figure I1-29(b)
When Handle Struck Mount,

Figure II-30(a). - Figure II-30(b).

Figures II-30(a) and II-30(b). In Figure II-30(a) Arrows Indicate the
Length of the Left Front Hull Channel Mount Crack Found After the XM806E1
Test., Figure II-30(b) Shows Similiarity in Defect Found After M113 Recovery
Vehicle Test.
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Figure II-31:

Arrows Indicate Length of Crack Propagating Along Left

Weld of Ramp Center llinge Support Rib After 972 Miles of Towing. A Dye
Penetrant Was Used to Accent Crack for Photographic Affect. The Actual
Crack Is A Hairline and Not of the Width Indicated by the Dye.

Figure II-32:

Arrows Indicate Cracks Found in the Welds Securing

the Control Valve Bracket to the Hull Deck after 88.8 Winch Hours. The
Bracket Is Identical In Design Along the Forward Edge. Cracks Were not
Found in the Forward Welds.

I1-21



FINDINGS

APPENDIX IT1

*sanoy

001 30 uor3iatrdwod
31$93 03 xotxd ney
-13A0 10(eW paxinbax
youim ayl ‘xaasamoy
‘uotierado jo sarttw
000y 3utanp 3uawadserd
-31 a1tnbax 3jou prIp

61°C s3juauodwod 2AT130WO3NY
‘ON ‘1B sdurpur
ut paizoday

*uorjexado fewmzou jo

sar1u Q0§ Suranp juswaderdaz ou

axInbax [reys ‘saoys TenpIATpuUT
10 ‘satyquasse Yoeil 93ardwoy (°

‘uorjexado rewmzou jo sayIw OOV
utranp juauodwod sAtjowoiIne io(lew

Aue 3o [neyxaao Jof(ew 10 Judw
~aderdax ou axzwnbaa [rEYS BrdIYApA (O

*uotjerado yewrou jo saTTW
0002 Sutanp (UOTIYDd puUOdIS pue
31SI13) 9ddueudjurew [euorzeziued
=10 ATuo axInbax [TeYS ATOTIYIA (®

{8ur
=mO0T103J Yyl YiTm 3DUWpIlOodd® ur miojied
op satlriiqeded ad>1yaa saocxd o3 sise3
puUE sSuollEUTWEX2 0] pajdalqns aq [Ieys

uoTIEITITIDadS STY) YlTm 2SUBPIOIIE UT
apeEw salaTyap “s@dt3dead Arquesse 1o
duranideynuem iadoxdmt woxj Buyins
=31 passaidxs utraiay sat3riTqEdeEd
juauodmod o 3[d2TIYaA Iyl 2onpax

10 "1l ‘astwoadmon 3myi sidvejep
Aue wolj 221) aI® JOaiayl sIud
-~uodmod pue a[d>TYaA Yl IBY] IInsse

1°z°g (2) 031 £317Enb ® jo aq [reys diysuemyzom
1°2°¢ (1) ayl "A1r11qeI(ay pue drysuewyioy |
‘xed JUdWIX TNDOY
821nog

*AIDTIYaA Idalqns Iyl aenteas

01 pasn u9aq aAeY (Z) (AdLV TI908WX 343l pue ‘([) uoriedtyrdads AXEIT[IW [VSITK 9Y3 UOTIENTEAD
[eX2udd B 103 I9A3MOY ‘[J908KX Yl 10j PaYsSTI[QeISd UaaQq JOU dAeRY SJudwaaInbax dt131dadg

III-1



61°¢ *A10310B}ST3ES

‘WAISAS

dT[NBIPAY YouTIM Yl YiIm
90UdI3JI3IUT JO Isnedaq
paiedrotiue arxe 1aieay
1auuoszad [veT1ll pIepuels
343l 3O SITIINOI33TP
UoT3IEB[[BISU] °PaIsSaIuUN

01°2 *Ax031d5e3ST1ES
or-¢ *A103083ST1ES
‘oN ded sduTpuTt4

ut paizoday

*19n3 pue ‘sjuedtaqny ‘waisds Surrood

8yl jo Suryedy Aue JurdDUSIPTIAI

Inoyitm *‘saduea aead (e anoydnoaya
d3exado 1r1eEYS FuTBUd ‘SIOTYIA

) Ul pITIeISUT UIYM °*C:7-(1dva
u OHEhowcouﬁﬁa:mocﬂwcm.0uﬂw=u.m

*d,59-

03 4,52~ 30 sainjeradwa3 juatque
UT SUOTITPUOD DIIDIE IIpumn uUOT
-exado pue durjlaeis aurdusd aansse
1teys uawdinba uorieziaajuim

STyl ‘parrelsur pue parjyrdads
uaym °saajeay yauuoszad Burpnyout
‘j3uoudinbo UOTIEZTII3UTIM JO UOTIIE]
~{e3SUT J0j Idpew 3q [TeYS SUOISTIA
-014 °3juswdinby uoTIBZTIISIUIM °p

L]
~
- N
Nt Nt

*sdutraeaq ayl woxy

sjuedtIqny jo Juryear ay3l juaaaxd

11eys syeas Surxeaq [Iy °Suotl

-exado asayl Suranp uoreuTwe3uod

03 pasodxa axe yotym ‘sduraeaq

ay3l ojut xajjew udTdI0F JO IdUBIIUD

9yl Sutrjuaaaxd ju arqeded aq

2) 1TeYys syeas ayl ‘Arsnorqiydue Sur
1) -3erado xo0 Bulpioj usym °sTeds °¢

*A1snorqrydue Butriexado

UBYM PUEB SIJATI 10 SWEIILS
SutpIoy ST SIOTYaAA uUaym IINY Iyl
ojutr ajnuyw x3d 3xenb 1 jJo sS3OXd

1°v°¢e (2) UT I93BM JO JDUBIIUD Y3 udadaxd
1'v°¢ (1) 118YS PIasn IJTEIS JY] °Id[E3S °7
xey Juawax Inbay
92anog

IT1-2



61°¢C

61°C

*oN "ied
ur palzoday

‘PIN(3 dtr[nexpAy payeal
dUBID pUE JA[EA ddUElEQ
-1a3unc) *Axo03dejStiesu(

“IVETITik PIEpPUB]S
03 [edT3udpT uorlexndty

-uod jue3l [anj *paisaiu
*A103de3ST1EG
"TIVETIN

piepuels 031 [EDTIuUapT
wa3sAs isneyxy °paisaiuf

*3ut
-31s21 Inoydnoayl pazinddo
swarqoxd oN *A1031dBISIIEG

sdutputy

s (2)
‘v'e (1)

‘v°g (2)
¢ (1)

‘v°e (2)
v°s (1)

vee (2)
‘vee (1)

*ade)ea] wolj 83x3J a4 [reYS Syuel pue
SUOTIDAUUOD SAUT[ DT[NeapAy pue [anj
[V °3[21Yyaa jo Juriany [eratur

03 J0tvad ueayd Arreurajur aq [1eys
SUOTIDIUUOD pUB SIUT] DTINRIPAY pue
[2n4 *SauUT] JT[NEIPAl Pue [IN4 °Q

*dInuIw

1ad 1an3 jo suoired (s Suraradax

3o arqeded aq [reYs syuel 1angy

3yl °"ardTyaA jo Jurrangy [EIITUT

031 1otxd syuel 7anjy ayl jo ssau
-ITUBS[D [BUWIdIUT IY] IINSSE O3 oIpeuw
9q [IBYS SUOISTIAOXJ °SYUB]L [and °6

*3dors dn

SIOTY3A 3O 3pTs yoea Yitm ‘sadors
ap1Is 40¢ uo pajexado 3uraq st
ATOTY3A UIYM pue ‘2ead ISIaA3X pue
pPIEMIOI UT Sapead 409 Surpuadsap
pue Surpuddse uaym aurdud Iyj o3
19n3 jo A1ddns snonurjuod e urejurem
1TeYS waIsAs [any ay3l ‘uorieaado
AIOTIYaA Butang ‘wdIsAg [ang °g

*jooxdyeay pue 3y3tiised3 aq [reys
‘PRI TBISUT Sk ‘waisAs Isneyxd Ayl
*%10°0 P295Xd 30U [[eYS JUWIIEednd
M3ID 3U3 ul IPIXOUOW UOQIED JO UOT3
-BIJU3DUOD 3Y] “°WIISAS Isneyxy °/

‘1933w ud1ax03

11e Jo aduexrjud judaadad rreys
‘porreasur se ‘waj3sds uorIdnpur-ITe
8yl ‘walisAg uotrIdnpuj-a1y aurdug -9

JUdWaI TNbay

I1I-3



‘61 caed
‘3ur3isal A1111q
-exnp 3utanp
uotrieazado

AIOldEB}S13ES *Axo03de3)Sstiey

TIVET I

pPIBpPUBIS 3|l SB WIISAS
durjelauad [ed5113091(9
[ed>131uap] °*paisaiun

*31s93 A3111QRINp
dutranp pazajzunoOdU3 IJIIM
suarqoxd oN *paisaiuf

CRECE sSutputy

ut paixoday

1°9°¢v°¢ (2)
1°9°¢°¢ (1)
v°s'v'e (2)
vs'v°e (1)
*Ied
adanog

*suot3l tpuod 3durjexado

9I21YdA [[® I9pun 3dBIUO0D 3ATITSsod
urTe3LIBW [[BYS SUOTIDAUUOD pue
SIDBIUOD [E¥DTIIDI[D [[V °SUOTITPUOD
durjexasdo I1d>IYaA 11E INOydnoayz
ajexado [1eys sSurmeap argeorydde
uo patyrdads se s3ydiy TEWrd)

-Xd pue Tewrajur ayly °siydry "¢y

*§'0 + 8Z 3o sitmiy uoriernidax

Yl uTyIImM aq [r1EYS ‘pEO[ [EUII]
-Xa jnoyjim ‘adejfoa [eUTI eyl ‘g7
2q 111 28e3T0A WalsSAS ayl 1EYl OS
paisnipe 3e3soayr loje[ndax adejroa
sy pue sazadwe 5 7 ps jo andineo

ue yitm mdx Qo1 * 000F 3® unJ

2q [[BYS JOJBUWIIITE a3yl °PIa1}
J0IBUIII[E 2yl SsoIde (waisds

a2yl dn wxem 031) doap 3ITOA-p] ®
asned [[eys 1Byl peEO] [EDLIIDa[2

ue yitm ‘uvorierado jo sainutm

0z ueyl ssa] ou Iaije ‘paisn(pe

aq [1eys Joierndal ayy ‘(J01EUIa]
-1v¥) adeirop waisds Buirjlelauan "71

*uoritsod uado

-1InJ 18 2q [I1eyYs ¥oe1 ayi "dois

aya isurede paysnd 1o03eIa7addE

2yl yitm pue ‘sSurmeap 21qe>1idde
YlIM adUepliolde ul pIarrelsuy

adequTl ¥OBX YITM “afeyur] yoey ‘11

IUDWAX TNbIY

I11-4



‘61°2 ‘aed
‘3ut3isal A3titq
-exnp 3utranp
adeyea] o\

‘01z "aed
‘suotiezado snort
-qtydwe 3utinp
pPapuaixa pautew
-31 JUBA WTIL]

*8uti1sal AITI[1Iq
-exnp 3duranp
Aftioldey
-S11eS paie
-xado waisds
[e211315311

‘oN t1ed
ut paixoday

*AlO03OBJSIEG

“IVETIW prepuels

B UT POJIEISUT SB WI]ISAS
dwex Jeytuyg °paisaiun

*AI03583)S1lEG

*3[21YaA 1S3 urt

parreaisutr jou juadudinbo
UOTIBDTUNWWO) °*PaIsaun

*pajedidotiue. SatTI[Nd
-1331p 1931edY [ouuoszad
IVETIN PIBPUB]S °p33saiuf

6°v°¢ (2)
6°v°¢ (1)

8°'v°g (2)
g v (1)

(z)
(1)

L]
"M

‘¢ ()
¢ (1)

vee (2)
‘v (1)

sdutpury

‘xed
ananog

‘uoriexado 3ardTIYaA jJo suo1ll

-TPUOD e IApun J[DTYdA OJUT JIIEM
3O 2duexluld a3yl 3uaAaxd [reys pasord
uaym sayo3ey [IV °Saydiey °8I

*autdus

ay3l 3o udx Q0Z1 3C wnuixew e e
SpPuUOd3s g1 ueyl axow 3Jou aq [Ieys
uor3ltsod pasord 03 uotritrsod pazamog
A11n3 9yl woxy awi3l Bursrtex dumey
‘wa3isds ay3l jo Bur((1J TEIITUY

031 xotrad IyYyd131 9q [TBYS SUOTIDAUUOD
11e pue ueald AT[eUIa33IUT 3q TIeYS
waiss duex ayl “-waisdg duwey /1

*A1snot

-qiydwe pajexado 8uraq ST S[dTYIA
uaym uotrirsod papuaixa s3T urelax
T1eYys auea wWIX3 aYyj] ‘*duep wWII] °*9f

*113Ys 10329Uuod ayl o3
utd yoes woxy pue ‘xayzo ayl o3l utd
dUO wWoIX3j s3IIoys Aue Inoyatm ‘pus o3

pPuo® wox3j A3rnurjuod Sururejurew jo
arqeded aq ITeYS SITNOITD [ED1IIDITS
pUB UOTIIEBDTUNUMOD Y] °SITNOIT)
1E21115317 pPuUB UOTIEBDTUNUWWO) °*G]

*Op SITOA S§°81 UO A[1I01dBJSI3ES
3uriezado pue Butrixeis jo srqedes
3qQ TleYS 123e3Y 3Y] °I31BIY °pI

JUAWII TNDIY

ITI-5



"IVEIIW plepuElsS 03

[ed>13uapt erodn) °paisoaiup
5 4 *A103dB3ST1ES
‘612 ‘xed
‘31831 Ajtrtqeanp
duranp juawmisn(
-pe pautejuteu
SwS TUB YD W
judmisnipe [TV *A103d®BjS11EY
rarpuey

[013UO0D 3JTYS Yduim ;0 udou

-33edua a3a1dwod paijuaroxd

dutrrdnos 1030w pue joods

FOJ 31J1YS U2IMIIQ UdW

61°2 -udtresty ‘Ag01dEBJSTIESUN

‘ON ‘aed sdutpury

ut paizoday

vl v (2)
vt v (1)

v's (2)
eys (1)

or°v's (2)
or*v°c (1)

cxed
?d1nog

‘pasord

yoley S,I9pUBTUOD YITM WNWIXEU

1993 punod g1 jo anbaoj parrdde

ue Japun Burpurq InoYyiim (Aemyeaxq
Id93je) 231801 [lEBYS UOTITUNEATE

pue und 3noy3ltm eyodnd parieisur ayj
‘19A3T AT2TY3A 3y3 y3TtM “-erodn) °zz

*Iauueu Aue uy

sjuauoduwod pue 31dTYaA jo uotriexado
Yyl Y3ITM SISJIIIUT J0U [[IM SwWIIT
eyl dansse 03 ‘papraoad sadeds

9yl ul I[O1YaA 9yl uo (papeoy
1BqWOD) pamols 3q [Teys swait (JA0)
juaud tnba-a1d>TYaA-u0 I0TIDIXD pue
lotxajut [1y ‘3jusdudinby pamoig °17

*suot13Tpuod durjezado

2121yaA [1e dutranp s3uyllas
juauisn(pe urejutreu pue °‘Arxadoxd
uotTiduUny [reYS SsustueyddwWw JudmIsn(
-Pe 11V ‘sustueyday juduwisnipy °Qz

*suotl

-1puod 3uriexado a[dTYaA [IE 13pun
uotjerado jo saduex 11e Inoyd3noays
uor3dunjyew Inoylim aiexado [1eyYs
STOXIUO0D DTI[NEIPAY pue ‘TedTueydauw
‘1ed113091a [V °STOI1IUO0) °61

Judwax Inbay

ITI-6



TIVETINW
pPilEpPUBIS O3 [EBDTIUIPIT
wa3lsds 3urroo) *paisaiup

*193eday [auuosiad

IVET I PpIepuels jo
S31I[NDOTIJIIP uollEe[IEIS

-ut 31qIssod ‘paiIsau(
vec *{103dB3S813ERY
£z *A101dEjST1RG

‘oN ‘aed SJUTIPUT |
Ut pailroday

*l103e1pEl
031 3913INn0 surdus oyl ur jurod e 3e
painsedu ‘4 0§+ ueyl aiow jou e

JUB (00D 3UT3uUd uTBIUTEW [IBYS WIISAS
3ut100d Sutdus ay3l ‘4,Si1+ o3 dn

) soanjeaadwsl juatque uy Jurjzeaado
v o~uﬂco>u;u:uﬁz.ucﬂdoouocumcu.om

*31OT1YaA 3yl jo 3aed

juauoduwod Aue jo ainytej asned Aeuw

1Byl UOTIIBIOTIIIIIP INOYITM ‘QO17

-(1LS=TIW UT patjidads se sawailxa

DTIJBWI[D PUBISYIIM [leys 3derols ur

udym ITdTyaAa a3ardwod ayy °*4,59-

01 4,SZ- 3o saduex aanjeraduay e
‘partessur jududinbs [er1dads yam

pue ‘4_,GSZ- 03 4,ST1+ 3O axnjexad

) -wd3 ITe Juatquwe ur Ijexado yieys
1) 919TY2A 9Yy] °TeIUdWUOITAUI °GS7

*asueidasde

JuawuIdA0) 03 Juanbasqns uoriexado

3151Yyaa A3Tnej asned Aew eyl

juoulsnipe jeurdtio X0 SSO[ IO juduw
-isn(pereu ‘sjusauodwod padewep jo
SUOTIJBDTPUT OU aq [[BYS 313yl ‘uni

) ut-yearq ay3y jo uoriardwod xaijy
v .z::=~-xmoumuouw<co«uﬂv=ou.vm

—_ 0

*92uUdx33133uUT 10 SulpuUIq

INOYIIM S3DTAIP suorsiA patrrddns

JuawuaaAoy 3yl 3daode [reYS IS[d1YSA

Ss1°v°'s () aylz ur paijexodaooutr sayoeidedaax

steve (1) IJTAIP UOTSTA  “SADTAJ( UOTSTIA °¢¢
‘e JUSWDI TNLAY
a21noy

I11-7



ST —

12 G *A103dB)ST13EG

*apeds IPIS YIitm
s1932a3ut 3373no dund aBdy1q

01°2 IEB3I WOX} JI33eM °pPalIsaun

IVeETIW pIepuels
031 [BDTIU3PI II[00D (1O
[e13Ud1333T0  *Paisaiun

*IVET ) plepuels 03
[BOTIUdpPT WIISAS Jurjood

UOTSSTWSURL] °*paisaiuf

“oN ‘1Ed T s3utpur

utr paixoday

(2)

9°¢ (2)
‘9°¢ (1)

9°¢ (2)
*9°¢ (1)

1TeYsS SOUBWIOIII(

‘wa3sds uotrsuadsns
pue jueid xamod 031 adewep 3InoyIm
uotrjerado aytw-gop x3313e ydw op

jo paads e ureije yreys pue ‘ydm z¢
031 dn spaads uteisns [[eys S[OTYaA
Yyl ‘10I3u0) 31d1yap pue spaadg °of

*I030W 3yl e passaxdur sIToA

g°,Z uo 3urjexado zo3jou dund yiim
pue 1333 Z/1-¢ 3O peay adxeydstp

® yitm ‘yoes wdd ¢$p jo aiex

wnUIUY” B 3B I[OTYIA Yl Woxj JIIIBM
aAouwax (reys ‘sdurmexp arqesrtidde
U3TM 3DUEBpPIOIdE UT pPaTle3Isur

‘sdund ad11q ayy -°sdung 28119 °62

*X9100d O3UT TBIIUAIIIFIP

3O 1Ino paanseauw ‘jJ 00+ MOTdq
axnjexadwaj juedtaqny urejurew
1TeYS I3700d JUEDTIqN] [BIIUAIIIFIP
2y 4,571+ o3 dn axnjexadway
juatrque ur Surjexado ard>TYaA Ayl
YTy °*IIT00) TT0 1BTIIUBIDBIITA °8BT

*01/v ueyl ssay soriex paads
191I9AuU0d anbio3 e 1dadxa ‘I91002
OJUT UOTISSTWSUBX] JO INO painsedu
4,006+ ueyl azow ou e aanjexadmoy
JUBDTIQN] UTBJUTEW []BYS WAISAS
3ur100> JUBITIQN] UOTISSTWSUBI] Iyl
‘4,S11+ 03 dn sanjexadwsy justque
ur 3utriexado ITdTY3IA Y YITM
*3ur[00) JUBDTIQNT UOISSTUSURI] °/7

JUdWAX TNDaY

II1-8



- h

[Sa]

“oN

utr poizoday

.« 4
o

‘1e(

*A10310B3JSTIEY

*A1031dB)ST1EG

sdutpur |

‘1ed
aodinog

*adoys dn arotTyaA jo aprs 3331

pue 3y81x yirm sadoys IPTIS 40§ uo
pPa31onpuod aq Treus 3s23 Jurixels
2utdua JeTTWIS ¥ °AT9AT13d3dsaax
apead umop papeay pue dn papeay

ST I[OTYSA UdYm dInuTw [ ueyl

aJ0uW J0U UT JIEeISAI [1eBYS QCMMCO
9yl °s9jnNUIW 7 ueyl SSIT 30U I0J
paddoas aq 11eys sutdus ayia ‘udx
0001 pPuUe (S, U99M3Iaq pPEO] OU Idpun
durjerado aurdua yitm sajnumm 2
ueyl SS3[ 30U I0j apead %09 B UuO
3utpuels a7dTyYaA Y3IIM °sadois ap1s
pue sapea9 uo Buriaelg aurduz °z¢

‘peOJ poadejans

-paey ‘1aA3a[ A[2AT3ElIAx ‘yjoouws

uo Spuodas [l ueyl azow 3ouU urt

ydw gz 03 (0 WOXF S93BIS[SIDE [[BYS
2121y3A 3yl ‘paads aS1pT 3B SUITUD
‘oduex ¢-z-1 UT UOTSSTWSUBRI]

2yl pue uorirsod [[risSpuels e 3e
AIOTY3aA 3yl Y3ITM ‘UOTIBIBTAIY °I¢

‘1933 001

UT 339 € PI2IIXd 30U TTEYS IJLIAP
9yl ‘poads wnuixew pue yduw gy
u39M13q BUT[aABIY S[OTYIA YITIM
*peOX 9deJINS-pIeY ‘13A3] AT2A13
-e[a1 ‘yjoows uo pajeIIsucuwap 3q

JUBWAI TNLIY

I11-9



€172

91°2Z
‘8°2

91°¢

*oN ‘Igd
utr paizoday

g8°9°¢ (2)

*1039B3JS13ES 8°9°¢ (1)

z°L°9°s (2)

*f1010B3S118EG z'L°9'¢ (1)

1°L°9°¢ (2)

*£1032B3STIRS 1°2°9°¢ (1)
sdurputy ‘xed

*sa1oT1yaA 3joa1d 03 spunod Q1 pa9dIxa 30U
11eYys I2Aa1 Sutraaals ayl o3l 310339
patrdde ayy °a712a1d I933WETP
3003-8Z ® UTYITM JOATd [[EYS I[DTYIA
3yl ‘19925 30ATd utr UIYM °ITDITID
1332WETIP 3003=-0S B UTYITAM IO YITM
I5BIUOD UT SIWTII [TE€ I I[OIYSA

Jo 28pa 193n0 jo jurod xeax yYyIIm
‘3391 03 pue 3y31x 03 suiny _Q9¢
IINJ snoNUIuod 3Yew [[eYys ‘I39ls
[ETIUBIAIITP YIiTm ‘yOeX]) 10 Speox
padejans-prey ‘[9A91 A[9A13E[™a
‘yjo~us uo ‘IOTYdA *Sutuany °s¢

_ *3y8tom 1ENbO

JO peol paje[nuis ® Yyiim 10 ‘papeoy
Jequed 3q [Teys I[d1yaa ‘uoriexado
$IYy3l 104 ‘apead yeurpnitduol %09

e uo payaed uaym Axeuoriels pray
9Qq TTIBYS IIOTY3aA 3yl ‘yeainau ug
uorsstusuexl Yiim pue ‘Suryzed xo3

PaYd01 sayelq YitM ‘BurpioH °¢¢

*pa33Twrad st uorlde Furiaals
[OI13UO0D TENPIATIPUY IJATIP IIpun
dutaq a151Y9A a3yl ‘Burddois Burang
*aoueastp 3urddois ur 31293 ¢
P235X3 031 J0U 1JTIp pue ‘TeiIdiem
9S00 3JO 3313 Speox padejins
-pIey °1aAd] A1aA13Elax ‘yloous
uo ‘ydm gz jo peads e Buirsaeas
uaym uorjedrrdde ayexq aot1AIdS

3o 3urod woxj 1393 Qo o Iduel
-STp & utyitm dols [leYS ATITYaA
*10a3u0) ITITYap pue Burddoig °¢¢

IU2WII TNDbIY

ITI-10



r~
.
o~

otr-¢

nr-e

o1°z

‘oN ‘Je(d

ut paixoday

*AX03dCJST1EG

*AI010BJSTIES

*AJO1DO®}STIRG

*A1030BjSTIEY

sdutput

oo
—4 -
L]

O L
L]

)
~

*ATOTYIA 03 a3ewep INOYITM ‘YIpTIAM

ur saydutr @9 o3 dn pue yidep ur saom
10 saydur 9¢ 031 dn SaYOUIII SSOID
11eYS SIOTYapA °Jurssox) Youaxj °g¢

*I3liem

uado ‘wred SurSsSOId UIYM IOPTIIOD
3003-0¢ ® uryitm 3urjexado jo
d1qeded aq 1reYS STOTYaA dyl °ydm ¢
uey3z ssd[ Jou jo paads wnuixem ®
uteile [[eys a[OTYaA 3yl ‘yidep ur
31993 87 ueYyl SSI] 30U ‘XIIem wyed uy
‘Jeor3e uayy °3003 | 3urpaIdx’ 30U
saAem jo y3ray yiwm yydop paitwrTun
JO 133em 2a3e13080u TTEYS ‘3IyYdTOM
Tenba jo peol paje[nuIs B YiIm IO
popeol 3equod ‘Arsnorqrydwe payouneg
‘a121Yap  “uotrjezadp snorqryduy °gg

*3ISTYSA 1eOT3F 03 paxTtnbax

yidop aya o3 dn aa3em ysaxjy xo 3tes
‘wo0330q-paeYy °‘mOITBYS PIOJ TTEYS
91oTYyapA *Burssox) Ialeym MOTTIeYS °/¢

*33nutw
xad jxenb [ uey3 szow jou 3q yrEYS
[InY 9yl ojur I3jem jo adeyear ayl
uotrjexrado snorqruydwe pue s8urssoid
13iem morTeys 3urang °adeyea] °*o¢

IULWAI TNDIY

III-11



Lree

8°2

Lz

*oN ‘e
ur paixoday

*A1030BISTIES

*Ax03d0B3ST11ES

*A10310B3)S13RS

s3urputy

£€1°9°¢ (2)

Zreoce (2)
Zre9cge (1)

1°9°s (2)
11°9o°g (1)

ETH
asanog

*ae23 MOl uTr yYyourm 3ursn peoy
TIn3 e ur-Aed ayqed jo 1333 00§ 103

‘ITOAIIS3I 3yl UT 4,0L1+ MOT3q urewax

TIBYS 10 dI[nexpAy ayl ‘IT0AIaSaI
2yl ur 34,521+ 03 dn aanjexaduwsy 110

STneapAy TBTITUT YITM °4,STT+ 03 dn

ainjexadwal Ite JuaTqWEe Ul J3eIIdO
11eYS walsAs OTI[nNeIpAY Youim

3yl ‘c809-H-TIW 03 SutwIiojuod 110
dursn *utaxay patryrdads suor3TpUOd
8urjexado 11e xspun ‘s3uex Burt
-3e19do axr3us a9yl noysdnoayi youim
9yl jJo [ox3uod aAaritsod yzooms
yitm ajexado [reys waisds OST[nBIpAY
3yl ‘wd3ISAS DTINBIPAH YPOUIM °T¥

*querd xamod 03 a3ewep

Jo 3urrrels INOYyitm Ipead ayil uo
uorirsod T1rIS-puels e woly Iead
9SI3A3I puB pIEMIO} UT SIpead ¢09
puddse ITeYS 3TOTYSA “BurquIr) °I1¢

*2[OTY3A 03 IBewep InoyaIm ‘IydrTaYy
utr sayour p[ 031 dn saydeISqo

X833 9SI3A31 ut pue ‘3ydtoy

ur saydur $z 031 dn sayoeiIsqo
TEST3I9A XIAO S$SSOID [[eyS Iead
paemioj ur spaads mor e Buriexado

AIOTYS3A °SI[OBISQD [BITIIdA ‘0

3U3WaI INbIY

I1I-12



L1t

oy “Jaed
utr paizoday

*A103de3S11EG

*£101d08BjS11ES

sgutpury

2°s1°9°¢ (2)

1°¢1°9°¢ (2)

cae(
?21nog

0T # SL  00S + 00SY I ydty
e -
v + 0C 0001 + 00002 I MO
wdj q1 unxq JIeao
‘peadg  ‘peo7 paley ur
aurg I3Le7]

uotr3exddp yourp

:M0T9q patjToads se wmaojyxad [reys

‘8889€L8 JO [TeIAp ® ‘8ZILYIIT 03
JuTwIojuod ‘YouiMm IY] C“YSUIM °‘tb

‘4,01 + S9T+ JO axnjexadmad)

110 33edTput [reYs Y317 Buruxey
*x03exado jJo yoeax Asea urylIIM
paied0r1 3q 1reyYs STOI3uU0d pajexado
A11enuen 11y °uotritsod dn ur
91330JYy3 330WSI YITM UOTIITPUOD PpPEOT
ou Iapun pautelqo 3aq [reys wdx

sz + wdx pozz 3o poads autdus uy
‘uor3itsod (umop) a1pt ur 3y3oayl
230WaI 2yl YITM paiIdajje aq 3ou
11eys saurdua jo [ox3uod pue paads
SIPT 24yl ‘U0TiBI3ad0 I[ITYIA [eUIOU
104 -°saded [1e JO M3TA JEITD
J03e1ado youtx aansse 03 pajedng
os saded aanjexadwai pue aanssaad
PIN(3} JT[neIpAy apn[dUY [[eys
SIUBUNIISUT W3ISAS DTTNRIpAY ayl
*STOI3UO) PUB UOTIBIUIWNIISUY °Cy

JUSWAI TNDIY

ITI-13



L2

L

L1z

‘ON ‘Jded
ut paizoday

*A1032e3STiES

*A10310®3ST3ES

*1sd gss1 ‘8utilas sanssaad
JOT19y “Axo3ldeISstiesun
s3utpury

€°2°¢1°9°'s (2)

rARAL Y G M AN ¢4

1°2°s1°9°¢ (2)

*aed
221nog

*Sutxajieyd> pue Surddeap nouIIm
9SBarax [Teys ayexq 3yl suorlexado
youtm Surtang °aead y3t1y 10 MOT
I9Y3Td UT PEO[ Paiex YItm AIBUOTI
-e3s wnip youim proy pue dois [reys
S9YBIQq YOUTM JY] °SINBIF YOUTIM °/¢

*TBI3INAU UT IO0J0W WOIF YDUTM
353uuodSTp A19337dwod pue ‘uoT3ITPUOd
peol 1InJ I9pun Iead mor I0 y31y
I9Y3Td UT UTBWdI [[eYyS Wa3ISAs 3IJTYS
Yourm 3yl “waIsAs IFTYS YOUIM ‘9

*aead yd1y Jo MOT I9YlTa UT I0IDI[es
paads youim Yyatm ‘peol Iapun 91qed
30 no-Aed yjooms aansse [1eyYs

SATEA SDUR[EQI2IUNCD Y] ‘*I[qed
papeolun pue papeo] Yyioq loj paads
JO [0I3uo> Yyloows IINSSE [[EBYS IATEBA
[oxiucd ay] -Ino-Aed pue uy-Aed
#1qEY JOJ IATEA [OIIUDD JO UOTIBIAdO
puey Aq par[oIiluod aq [[EYS YPUulm
jo uorielox ayl “ysd s7 T SZ91 jO
aanssaad jai1(as ® spracad o1 paisnipe
9q [TEBYS SATEA [OIIUOD DTINEIPAY

Yl “BEB9ELE Td3 JO [I®Iap ®
“L9ELP9TT YITM IDUEPIODIE UT 3q [[BYS
uoIsual 3[aq 2a1ip dund sryneapdy sy
*SaAleA [oa3juo) pue dung dI[neIpAl “S¥

Judwa Inbay

I1I-14



Lte

‘ON CaBy
ut paizoday

*AJO1DBJSIIES

*A103d€BjSTIEY

g*z's1'o's (2)

vezeetrrotg (2)

S3uTpuT

‘Ied
asuanog

*punold 1aAaf

AT2ATIE[21 UD ITOTYSA YITm wnIp

uo 3Jyst3 punom Jutaq ST IF[qED Ialj
papEOIUN Uaym ‘S[qED UO UOTSUa]
ajenbape apracxd [reYs IauOTSUIL
ayl ‘uado dwex yiTm IUT[IIIUID
3[9TYaA Jo IY31x 01 05 PuUE 3IFI]

031 0t uotrierado jo wajled axtjus
yInoiyi aseays Jurlelol morlo3

I1ta ‘1ind wnuixea zapun *a1qed
Ieyl Jutansse ‘sIxe [eurpniiduo] ST
uo 2318301 03 2al1J aq [[EYS PEI[ITEF
ay] ‘“lauoIsua] pue pPEI[ITE 6t

*alqe> ayl jo Suijeyd pue JulqQnios
JO junowe wnNWIUlw E UT ITNSAIX

pue ‘aTqed ayi jo JuriIndIIpun
'Burpri-iaAc 93BUTWITS [[EYS WnIp
2yl uo ajqe> jo waijed Buryoods
syl *siade] Juipaslons [ 103
wrajjed Jurjoods e mioj [rEYS wWnap
a3yl uo s1qed jo iade] Burpasedons
YoEa pum 1si13j 2yl “=23uE(y o3
adue[y woly uialled [ayreded paseds
ATusAs ue ul WnIp ayl uo sjoods
21qed ayl eyl ainsul [TBYS YO Tym
dutioods parrozijucd aptraocxd [reys
punold (aaa] AT2ATIE[3I UO S[ITYIA
Yyatm peol a1qed punod 0p0°0Z

01 O0f J0 uoTsual B Japun Burjeiado
IAPUIM[IAI] Y] “PUIM[IAT “g¢

Judwax INbay

I1I-15



Lz

‘ON ‘ded
ut paixoday

apeds x393usd pue
0zl sopeds apIs y3zoq ‘uorldexl1ady

apeds xajuad pue
0S1 sopeds ap1s y3loq ‘3juswadeyduy

*A10310B)St118S 9°2°¢1°9°¢ (2)
sdutputy ‘aed
221nog

¥4 sapeds apt1s y3joq ‘uorideIIAY
0z sopeds apts yjoq ‘3juswmadeydug
J3s uoTIIpUO)

‘aut]

uoTIdOBI3IdY pue Juswadeyduy

{moT3q patyToads se ‘usmwmaxd Z pue
1aAatap SurzifIIn ‘(uoritrsod [aAel)
031 puUE WOXJ) UOTIIDEIISI pue uaum
-aderduwa jo arqedes aq yieys sopeds
193Udd pue SpIS Yl °JUIIXD
UNUIXEW 01 I[ITY3IA IZI[1Qels

01 "prm Jo y3xed 3jos ur 3ur
-3e1ado st a1dTYaA BurAdtaiax ayl
uaym pasn aq [reys apeds Jajudd
ay] *2duaxajleijur xo Surpurq
INOYIIm TINY say1ils apeds uo

Ul® uoT1DEal uaym uoritsod (umop)
[euotielado o3 uworitsod (dn) (oaex)
paya3e] woaxjy dae aartius yInoayl
a3eaado 11eYs sapeds apis ayp
"SPEO] UNMETXEW 34yl SulA9TIl1Sl uUIYyM
PRZITIITOEIS 3q TIEYS I[ITYSA 3yl
suotielado Suryourm Jo3 peceydwe
sapeds apts ayl yatm ‘sopeds °Qs

IUWAI TNDIY

III-16



81°C

13

*61°7 ‘Ied
‘Burisal A3171q
-e1np uotrirsod
Ut pautewadl
st1wad A13jes

TTon taed
ut paixoday

*AI03DBJISTIES

*A1030%e3

-sties ‘paisal arutd
1331ey1 ‘Aio3iseisTiESun
‘atautd [VETIW paepuels

*at1aurd moa
9dae] yitm A103dBJSTiey

pue 3urpurq Inoylim ajexado [reys
sjutrof wooq pue 3sely °punoxd

12A9] AT12A13ET7aI wx1y uo paderd aq
11eYs 3y3tom 1enba jo peOl pajeImMuIs
E YlTIM pPapeol 10 papeo[ Iequod
3IOTIYDIA JYL °SPUODIS (9 UeYl SI0W
jou ur uorlrsod [3AeI] 03 pPaUINIAI
Al 1enuew pue °‘spuod3s (G Ueyl aIow
jou uy uoritsod Suriexado o3 uotl
-1sod [2AeI] WOXJ pasTex A[lenueum

9q [TeYs [e3luO0ZT1IO0Yy ISEW YITM pue
S1°9°¢ (2) PEOT 3INOYJITM JUBID JY] °dURI) °pS

*speal Suimol pue 3UTYOUTM [eUOT]

-ex3do (eBWIOU PUBISYIIM [[BYS pUE

‘9ousxajaajur pue SuTpulq INOYITAM

puey £q a3e30X [[BYS I[DTYIA UO

1'vi9°¢ (2) parte3isutr se a13utrd ayy “°913urd °¢S

*S9TO1IY2A pue Ieq

8utmol 031 a3ewep INOYITM II}3WRTIp

31993 €S JO SuInl WNUTUTW IYew

pue ‘p*9°¢ *xed ur patrjyroads

spaads jo jrey auo o3 dn spoads

3e ‘3y3tom 1enba 031 dn sayoTyeA

dutroaym 9913 I3ylo MOl TIPYS

L°2°¢1°9°¢ (2) 3T21Yaa £12A0331 3yl "3uimol °ZS

*sayd3er 2yl uado jou sa0p JusWIACU
Teuotierado I[OTYSA Tewxou eyl os
‘suorjrsod teuorjezado pue [oaeal
Yioq utr A[aandss yd23ey pue TIpeI
papuoluY ur 93B30X [TBYS STT118

*A1013eBJSTiES 9°z°¢1°9°¢ (2) A193es Ieax yjog “STITI9 £33jes °1S
S3uIpuT, *Ied JUSWAX TNDIY
adanog

I11-17



*ON *IXe(
ut paxoday

‘uotritsod parrels

-Ul woxj youtm a3yl Suroerd
-31 pue 3urAowax JOJ Sueduw
aptaoad [reys wooq pue Iuexd
YL °PpPeOT TINJF YiIM suoll
-1sod asxaAexl 8§ ayia jo auo
Aue ur asuexd pIoy pue }O0]
ITBYS 3OTA9P SurYO0[ ISIdARIL
dUBID 9Y] °*ITITYIA JO IPIS
a11soddo 03 ayd1IYaA jJo apts
9UO WOoX3 931810X [TeYS PpEOT
spunod (00¢ Y3ITm pue papual
=Xd A11NJ wooq YIIm SUBID Iyl

‘punoxd

03 peol durwinial o3 Jorad
‘y3dusal I[OTIYSA JUO PIEMIO]
USATIpP 3[JIIYaA 3yl pue punolsd
3yi jo xeard spunod QOOE 3IFTI
11eYs auead ay3l ‘yoeax ummry
-XBWl 03 PIPUIIXd WOOQ 3YI YITM

*91qe3ls SUTUTBWAI STITYIA
Yyitm ‘urnjax pue 3ysiay
wnuIXew o3l wooq ISTeI pue
‘punoad ay3 jo Ixeard spunod
000% 3FTT ITEBYS ITOTYDA

JO 3PTS WOIJ YOBAX WNUIXEBW O3
POPU2IX3 WOOq YITM 'duead 3yl

(>

(q

(e

‘puUnoxd [9AST AT9ATIETAX ‘wmIT] uo
9T9T1YSA YITM UOTITPUOD pIpeorun
pue papeol 3yl ul [3ABI] [eWIOU

3I1T3ud 9yl INoy3noxyl IdDUIIIFIAIJUT

sSutputy

*1e(d JuUsWaX TNbay
3danog

ITI-18



T Oy .hma'
Ut pailroriay

*paisaiun

*paisalun

SIUTpUT

*19%=ALS-T1IN ‘VIII SSelD

30 sjudwoxtnbax ardTY2A TEOTIOE]

03 aduepaodde uy passaaddns asuaxayz

-I23UT OIpEI 3( TTEYS I[ITYIA IITIUD

9yl ‘parj1oads IsTMIaYlo ssayun

L19te (2) *£3111q13Redwo) dT32udewoxIdAT] °9S

*JII3YIBOM JEBITD Ul I[DTYSA woxj

31993 0SI suorjexado Axaaodax 3ystu

103 paptaoad aq [1eyS UOTIBUTUN]IT

JUBTOTIIING  °T13D [anJ JO pIBMIOJ

31913IN0 TEBUISIUT IO 3ISTINO [EBUII]

-Xd JXedl 9yl IIYITd WOIJ paureiqo

st xamod uoym A1axadoad uoyizoungy

91°9°¢ (2) TTeys 3y31Tpoory 2yiL *IYBTIPoOId °S§

*uado ST aAfeA

Ale17IXNE 3Y3l UdYM WOOq PIpeo]

A11n3y ® proy pue dois yreys

IB3PUITAd uo (9zn3y AITO0T3A
dTIneIpAY) 3dTA3p L3ajes ayy (8

*wooq
papeoyun jo 3utxamoy prdex
axnsse [[eys aATeAa Axerjrxny (3

‘peol po3jex
3O SutIamol Yloous ainsse
11eYS SATEA Toxjuod A31113In (@

*9deyea] [T0 INOYIIM papual
-x3 A11ny wooq Yyitm spunod
000§ 3zoddns [reys Iapuridd (p

ae 1UdWaI INbay
221N0g

I1I-19



*ON ‘lIe(d
ut paixoday

*paisalun

s3utputy

xed
asanog

‘qQpP 611
ueyl azow 3Jou aq [reys
13A37 3s5t0u 3yl ‘xajau

19A91 punos ayj 3o uor3ztsod
dutydtom v aya Bursn uayy (o

‘qpP vI1
ueyl axow 3ou aq Teys
19A3] dstou 3yl ‘xajau

19A91 punos ay3l jo uorirsod
dur3lydtom g ay3 Bursn uoym (q

‘qp 821
uBYy)l dI0W JOU 3q [[BYS

13A3] 3stou 3yl ‘xajau
19A91 punos ay3 jo uorlysod
duray8tom D) ay3 Bursn uayy (e

:sanyeA

3utmo1 103 3yl Ppa3dXa Jou [leys
19A3] punos ay3 °‘pasord sayojey
118 Yiim peox y3tells padejans
piey ® uo a3uex xead ¢-z-1 ® ut
ydu og e BurraAeay ardTYoA oyl
Yyitm pue ‘ajerd zouxe do3 ay3 jo
9DBJINS IPISUT IY3J MO[3aq saydur Zy
pue ‘peayjxinq 3jay 3uswixedwod
2utdud jo 3331 9yl o3 saydut ¢
‘peayiInq 1eax juswixedmod aurdud
9yl JO PIBMIOJ SIYdUY § PaIedo0|
(£1°2°S°p @9S) 1919w [9Ad] PuUNOS
B YIIM °ISTON puUB UOCIIBIQIA °/S

VWA TNDLIY

I11-20



ToN tie(
ut palzoday

*IVEIlin PIBPUTIS UT 3EYI 03

*Al1euraixa spunod €5 pasdxa

J0u 11eYs ‘waisds aya =diep
=s1p 03 paitnbax 310332 wmTxXEm
ayl ‘4,Z.+ 30 aimieiadmey

dTe juatque u] “AJIEUIIIXS

pue A[[eulaiul uoriviado pue
duroTAIas 103 a[qIssadoe A[IpEad
2q 11eys sBuimeap ayjqearidde
Y3TM 3DUEpPIOIDE Ul palEisur
uaym ‘waisds zaystnButixa aI13
paxtj ayl “iaystnIurixg a1y4 °gs

[ED13U3P T JaysTn3utTixs 8°¢ (2)
a1Tj paxrt{ *paisaiun 6°¢ (1)
ST 1puty "Ieg
adanog

UdWwaI TNLAY

I11-21



APPENDIX IV - DEFICIENCIES AND SHORTCOMINGS

bDeficliency

winch stage three
carrier planetary
spur gear failed
from material
imperfections.

Shortcoming

Cable chain link
failed from defec-
tive weld.

Winch stage one
planetary spur
gears cracked.

Incomplete engage-
ment of motor coup-
ling because of
milled splines.

l. Deficiency

Suggested Corrective
Action

Enforce more rigid
quality control,

2. Shortcomings

Suggested Corrective
Action

Remarks

Failure occurred,
after 5y.8 winch
hours, while under
steady pull, Con-
centration of carbides
in the case and
heavy stringer-type
longitudinal inclu-
sions both contrib-
uted to the failure
(EPR K2-45), New
replacement second
stage sun gear
revealed surface
grinding checks
(EPR K2-57).

Remarks

Improve quality
control.

Lengthen splines of
motor coupling to
improve alignment
within shift rod
coupling spool,

IV-1

Weld only 80% effec-
tive due to gas
pockets (EPR K2-32).

Found after magna-
flux during final
inspection after
100.8 winch hours.
1/2 inch long crack
on each gear (EPR
K2-79).

Splines milled on
leading and trailing
corners (EPR X2-35).
Incomplete engage-
ment wore the shift
rod spool splines
(EPR K2-36).



Shortcomins

Suggested Corrective
Action

Lubricant leaked
from winch drum
because breather
plug located below
level plugs.

Repeative winch,
winch-mount, fair-
leader and fair-
leader-mount bolts
loos=ning from
vehicle vibration,

Operator not warnad
of impending damage
to power pack
components since
view to driver's
instrument panel
obstructed.

Defective gasket
caused hydraulic
fluid leak from
counterbalance
valve.

Hydraulic pump
drive belts found
broken,

Improve assembly
control,

Maintenance manual
should require
quarterly checks for
mounting bolt
tightness.

Operator's manual
should require a

crew member to remain

in the driver's
compartment to
monitor engine
gages,

Improve quality
control,

IV-2

Remarks

Standard winch ftor
578 requires modi-
fication for XM8UoL]
application (LPK
N2-51). Similar
incident reported
during M113 recovery
vehicle test.

Checked periodically

during test. Quarterly

checkh necessary
(EPR's 22, 43 (22-2),
67 (23-3)).

EPR K2-19,

Corrosive deposit
found on gasket and
valve interface
gouged., Leaking
started after 5.4
winch hours (EPR
K2-11). Similar
incident reported
M113 recovery
vehicle test
(Reference 3,
Appendix VI1),

Two of four belts
failed when cooling
fan drive belts
caught in pump
pulley (EPR K2-13).



Shortcoming

Suggested Corrective
Action

llydraulic pump
mounting screw 1/2
turn loose from
vehicle vibration,

Cracks evident on
rear two welds for
winch control
valve bracket.

Weld cracks on
forward vertical
rib of hydraulic
pump bracket.

Level wind float-
ing pulley spoke
cracks from cable
side loading.

Excessive torque
failed levelwind
trunnion cap set
screw,

Cable interfered
with levelwind
retaining plate
spacer,

Levelwind shaft
retaining collar
set screws unable
to hold pulley.

Provide locking washers
on bholts,

Provide stronger
brachet and compatible
weld,

Improve quality
control,

Provide pulley with
thicker spoke ribs.

Provide softer screw
with only tip heat
treated.

Relocate spacer one
mounting hole lower,

Provide set screw with
a flatter head.

IV-3

Remarks

Vibrated loose after
3395 miles and 562
winch hours (EPR
K2-41).

Crachs found after
88.8 hours of winch
operation (EPR K2-60),
Welding and bracket
modification as per
ECP/EO EX134,

linimal weld pene-
tration into parent
metal (EPR K2-91).

Cracks on all ribs
on both sides of
each spoke near

the hub after 100,8
winch hours (EPR
K2-80).

Failed the thickness
of jam nut from top
of screw (EPR K2-81).
Similar incident
reported during M113
recovery vehicle test.

EPR K2-9,

Sct screws allowed
collar to slide
after 88.8 winch
hours. Roll pin in
each collar sheared
(EPR K2-58).



Shortcomiqgﬁ

Fairleader tensioner
handle struck mount
and broke eye bolt,

Cable worec groove
in fairleader bearing
locking collar.

Left front fair-
leader hull channel
mount weld crack.

Flat worn on fair-
leader tension
roller and lower
pulley from
improper adjust-
ment,

Fairleader guide
roller pilot hole
worn,

Right hinge pin
for right safety
gate vibrated
loose.

Suggested Corrective
Action

Shorten approximately
1-3/4 inches to
eliminate possible
interference with
mount ,

Provide full length
fairleader hull
mount,

Improve assembly
methods control.

Replace roll pin
hinge with bolt,

IvV-4

Remarks

Cheater bar required
to operate tensioner
handle so shorter
handle would not
change operational
method (EPR K2-33).

An 1/8-inch deep
groove worn after
50,9 winching hours
(EPR K2-23),

Cracked after 100.8
winch hours (EPR
K2-63). Similar
incident reported
during M113 recovery
vehicle test. One
full channel pro-
vided in ECP/EO E1195.

EPR's K2-37 and -52.

Wear of 0,05 inch
after 100,8 hours of
operation (EPR K2-76).

Two pins replaced.

One after 50.9 hours,
second after 37.9 hours.
Vehicle vibration and
gate slamming against
ramp loosened pins
(EPR's K2-30, =55
(30-2)). Bolt pro-
vided in ECP/EO D9968.



Shortcom{gg

Suggested Corrective
Action

Corners of stop
light guards
gouged from hook
of spade position-
ing cable.

Center spade sec-
tion slid rear-
ward of stowed
position and
interfered with
rear lifting eye.

Weld crack in
spade eye for
ramp safety
chain.

Spade stowage
hook worn because
bumper not
sufficiently
compressed.

Inboard right
spade pivot pin
bushing loose,

Crane pump handle
packing nut
worked loose
following
hydraulic fluid
to leak.

Defective 0O-ring
allowed hydraulic
fluid to stream
from crane
cylinder pressure
relief plug.

Fliminate interference
by modifying guard,

Provide rear stop for
stowed position,

Improve weld control,

Provide for an inspec-
tions of bumpers in
operator's manual.

Provide locking
feature for packing
nut,

IVe3

Remarks

Found pouged after
1423 miles (LPR
K2-16). CGuards
modified as per
ECP/EO DY787,

Flat worn on spade.
Strap foot man
loop weld failed
(LPR K2-87),

Cracked after 40,06
winch hours, Per-
sonnel walking on
ramp impacted impact
load on eye (EPR
K2-17).

Wear evident after
1423 miles (EPR
K2-14).

Worked loose after
1423 miles (EPR
K2-15).

Leakage evident
after 3 crane hours
(EPR K2-47).

Leakage started after
10.5 crane hours
(EPR K2-48).



Shortcoming

Crane hydraulic
release handle

damaged during

shipment,

Incorrect hand
chain hoist
capacity,

Auxiliary throttle
control adjust-
ment specifications
incorrect to obtain
desired winch line
speed.

Right rear fender
and inboard weld
cracked from
loading during
winch operations.

Ramp center hinge
weld cracked during
towing operations.

Position of rear
bilge pump outlet
allows water to
jettison against
side spade and
re-enter vehicle.

Suggested Corrective
Action

Improve shinping
stowage,

Provide two-ton
capacity chain hoist
or lower capability
of cran=s to 1-1/2
tons.

Maintenance manual
should indicate the
correct no-load
engine speed for
winch operations.

Provide stiffner in
fender area.

Provide deflector to
direct water to side
of vehicle.

Iv-6

Remarks

Damaged handle
replaced (EPR's
K2-3, -5 (3-2)).

Hoist capacity should
be consistent with
crane capacity

(EPR K2-8). Crane
capacity lowered

as per ECP/EO D9846.

Original setting

of 1800 rpm changed
to 2700 rpm (EPR's
K2-4 and -10 (4-2)).

(CPR K2-62), Similar
incident reported
during M113 recovery
vehicle test.

Four-inch crack
observed after 972
towed miles (EPR
k2-49). Crack ex-
tended an additional
1-1/8 inches after
a total of 2045
towing miies (EPR
K2-84 (49s)).

(EPR K2-20). Similar
shortcoming reported
during M113 recovery
vehicle test. De-

flector provided
in ECP/EO D9969.



Shortcoming

Suggested Corrective
Action

Remarks

Cooling fan drive
belts failed,

Right number one
torsion bar
failed.

Three shock
absorbers re-
placed because of
damage or leakage.

Drive sprocket
teeth worn,

Excessive back
lash between
generator drive
pulley and shaft.

All rubber worn
from roadwheel.

IV-7

Failed belts caused
hydraulic pump belt
failure (EPR K2-13).
Random failure down-
graded to a short-
coming (EPR K2-12).

Failed twice: first,
after 1802 miles;
second, after 2233
miles (EPR's K2-26
and -65 (26-2)).

Right front shock
replaced after 1802
miles and 2233 miles
(EPR's K2-27 and -69
(27-2)). Left rear
shock replaced after
3395 miles (EPR K2-40),

First set reversed
after 2084 miles and
replaced after
additional 505 miles
(EPR's K2-29 and -34).
Second set reversed
after 1431 operational
miles and satisfactory
until end of test (EPR
K2-54),

Noted during final
inspection. Normal
life of pulley ex-
ceeded by winch
operational hours
(EPR K2-71).

Left number four in-
board roadwheel
damaged after 4035
miles (EPR K2-66).



Shortcomiq&

Dirt on bearing
surface allowed
roadwheel housing
seals to leak.

Right headlight
beams burnt out
and lens cracked.

Field of fire
restriction for
the cal .50
cupola machine
gun with side
spades in travel
position,

Maintenance
package incom-
plete.

Suggested Corrective

Action

Warn operator of
firing hazard.

Remarks

Left and right number
one roadwheel seals
leaking (LEPR K2-68).

Lens crached after
1788 miles (EPR
K2-25). Inoperative
after 3753 miles
(EPR K2-53).

Round could pene-
trate however jacket
could ricochet (LPR
K2-38),

Missing OVE and
maintenance manual
(EPR K2-7).

3. Corrected Deficiencies and Shortcomings

Deficiency and

Shortcomingﬁ Corrective Action Remarks

Standard M113 pintle
failures after 39,
59, and 247 towed

Three standard
M113Al1 pintle

Larger tow pintle
(M548 type) tested
failures from and found satis-
towed loads over factory for 1000 miles (EPR's K2-24,
cross-country miles. -28 (24-2), and -31
terrain. (24-3)). New pintle
required larger ramp
hole (EPR K2-70).
Larger pintle provided
in ECP/EO D9969,
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Deficiency and
Shortcoming

Winch hydraulic
tluid temperature
warning light
burned out.

Corrective Action

Temperature gage in-
stalled to provide
more positive means
of checking hydraulic
fluid temperature,

IV-9

Remarks

Filament found
burnt after 55.3
hours (EPR K2-39),
Temperature gage
tested for only
41.1 winch hours
(EPR K2-44), CGage
provided for in
ECP/EO D9762,



APPENDIX V - MAINTENANCE LVALUATION

Summary of Incidents

Vehicle:

Initial Inspection - tightened steering
brakhes, tightened oil line left side
steering difficult,

Replaced right headlight sealed beam unit,

Replaced No. 5 left roadwheel access cover

and static suppressor spring.

Replaced two cooling fan belts,

Replaced towing pintle hinge for top jaw,
Replaced towing pintle (shaft failed).
Replaced right front bump stop.

Replaced right front shock absorber.
Removed track block (right).

Replaced pintle (hinge pin sheared).

Removed one track block (left) replaced
left front shock absorber.

Replaced No, 1 torsion bar,
Removed two track shoes from each track,

Replaced both sprockets and sprocket
cushions.
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Vehicle:

Replaced left shock absorber.
Replaced No. 1 left road arm seals,
Adjusted fan belts,

Replaced No. 5 right rear roadwheel
(wear pad worn out).

Replaced broken right track block.
Replaced left rear shock absorber.
Replaced 7 track blocks.

Replaced 14 track blocks,

Replaced right head light,

Replaced front bilge pump (inoperative).
Replaced right front torsion bar (broken).

Replaced right front shock absorber.

Totals
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4163 0.7 0.7

4163 1.5 3.0

4175 0.5 0.5
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Winch:

Adjusted winch levelwind floating pulley
spacer, one hole lower,

Adjusted throttle linkage for winch
operation.

Counterbalance valve, top cover gasket
leaking, made and installed new gasket,

Replaced four hydraulic oil pump belts.,
Adjusted side spade bumper stops,
Replaced hinge pin in right safety gate,

Removed hydraulic motor, and removed
sharp edges from shifting sleeves.

Replaced worn fairieader pulley (flat
spot).

Replaced winch cable chain link, and
fairleader tensioner handle.

Tightened hydraulic pump mounting bolts,
Replaced winch cable,

Repaired winch, replaced 2nd and 3rd
stage planetary gear train, replaced
lower pulley in fairleader.

Adjusted governor control linkage.

Totals
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tland Operated Hydraulic Crane:

Tightened pump handle packing.

Replaced O ring in hydraulic cylinder
relief plug.

Totals
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Maintenancer Data Summary
1. Velocity - Average test speed, mph 14.45

2. Reliability, vehicle hours

a. Time 1n use 392,2
1) Vehicle 279.3
2) Winch 100.,9
3) Crane 12,0
b. Maintenance, 100% 99,6
1) Scheduled maintenance 53.6
2) Unscheduled maintenance 46.0
¢c. Per cent of time in use 79.7
d. Per cent of time in maintenance 20.3
1) Per cent of time in scheduled maintenance 10.9
2) Per cent of time in unscheduled maintenance 9.4

e. Mean time between failures (MBF)
1) Organizational 10,32
2) Field D 5
f. Mean time between scheduled maintenance
1) Organizational (driver) 1.4
2) Organizational (other) 17.05
3. Amount of maintenance, man-hours
a, Maintenance man hours
1) Scheduled maintenance man hours 68.6

3General support maintenance was required once for winch rebuild after
59.8 winch hours and 3649 wehicle miles,
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40

2) Unscheduled maintenance man hours
a) Vehicle
b) Winch
¢) C(Crane
b. Maintenance man hour per operating hours
1) Organizational (driver)
2) Organizational scheduled
3) Organizational unscheduled
4) Dircct and general support
¢. Maintenance man hours per 100 miles
Maintainability, vehicle hours
a, Average length of each stoppage
1) Organizational (driver)
2) Organizational scheduled
3) Organizational unscheduled
4) Direct and general support
b. Total vehicle downtime per operating hour
c¢. Total vehicle maintenance hours per operating
hour (not to be confused with maintenance
man hours)
Vehicle operation

a. Test course mileage

Gravel

Paved

Level cross-country

Hilly cross=-country
Total

b. Winch oneration

c. Crane operation

V-6

79.7
37.4
41,7
0.6
.38
.07
.11
.12
.08

3.68

0.10
1.12
0.78
16.0
6.12

0.25

944
942
1068
1081
4035

100.9
12.0



Maintenance - ‘lan llours

I'nginecering Test
Maintenance versus (peration
for Recovery Vehicle, Full
Tracked, Light Armorcd,
XMB06E1

USA Reg. No. 12C27408
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APPENDIX V1 - CORRESPONDENCE

COPY/se
DEPARTMINT OF THE ARMY
HEADQUARTERS, U, S, ARMY TEST AND EVALUATION COMMAND
ABERDEEN PROVING CROUND, MARYLAND 21005
20 NOV 1968
AMSTE -BB

1-7-2625-09
1-7-2625-34

SUBJECT: Test Directive, Engineering and Service Tests of Vehicle
Recovery Kit and Crane for Carrier, Personnel, Full-Tracked,
Armored, M113Al, RDT&E Project No, 10564605N410

Commanding Officer, Aberdeen Proving Ground, ATTN: STEAP-MT
President, U, S, Amy Armor and Engineer Board, ATTN: STEBB-ML-T,
Fort Knox, Kentucky 40121

1. Reference is made to:

a. Confidential Letter, AMSTE-BB, HQ, USATECOM, 18 DNecember 1967,
subject: Test Directive, Military Potential Test of Vehicle Recoverv
Kit and Crane for Carrier, Personnel, Full-Tracked, Armored, M113 (1),

b. Confidential Message 07028, MACJ342, COMUSMACV, 5 March 1966,
subject: MI113 Vehicle Recovery Kit (U), (inclosure 1 to reference a).

2. Background: ENSURE 56 (reference b) describes the requirement for
a recovery vehicle kit for the M113 armored nersonnel carrier, An
auxiliary crane was also proposed as an accessory item, ENSURE 56 was
subsequently expanded (ENSURE 134) to include the installation of the
recovery vehicle kit on the M113Al1., Although military potential tests
have been conducted on the M113 (gas) version of the recovery kit and
crane, engineering and service tests of the M113Al1 (diesel) version

are required, as type-classification of the diesel version is currently
planned.

3, Description of Materiel:

a, Test items include the vehicle recovery kit and auxiliary crane
as adapted to new M113Al1 armored personnel carriers, The vehicle re-
covery kit consists of components and support members for a hydraulically
driven winch, self-aligning fair lead assembly with cable tensioner,
guards, manually operated spades, recovery tools and equipment, and
stowage facilities, A listing of the major differences hetween the
M113 and M113A1 versions of the recovery kit and crane is provided at
inclosure 1,
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COPY/se
20 NOV 1968
AMSTE -BB
SUBJECT: Test Directive, Engineering and Service Tests of Vehicle
Recovery Kit and Crane for Carrier, Personnel, Full-Tracked,
Armored, MI13Al, RDTHE Project No. 106564605n410

b. The nomenclature, Reccvery Vehicle, Full-Tracked: Light Armored
(MI113Al) XM806E1 nhas been tentatively assigned to the M113A1 when
equipped with the recoverv kit and crane. However, this nomenclature
should not be used in titles of correspondence and reprorts until such
time as you are notified to the contrary,

4, Test Objectives: The objectives of this test program are to deter-
mine the suitability for S Army use of the vehicle recovery kit and
auxiliary crane when installed on the M113A1., As a minimum, the follow-

ing determinations are required:

a, Suitability of the vehicle recovery kit for use as described
in reference b,

b. Suitability of the auxiliary crane for handling and nlacement
of repair items,

c¢. Performance, durability, and maintainability of the vehicle
recovery kit and crane,

d. Effects of the vehicle recovery kit and crane on hasic chassis
durability, performance, and amphibicus capabilities,

e. Utility of layout and configuration of crew compartment; ade-
quacy of recovery tools and equipment and stowage provisions,

f. Any possible safety hazard or adverse human factors associated
with the deisgn of the MlI13Al recovery vehicle,

g. Adequacy of the maintenance test package.

S. Responsibilities:

a, Under USATECOM Project No, 1-7-2625-09, Commanding Officer,
Aberdeen Proving Ground is responsible for the planning, accomplishment,
and reporting of subject engineering test and the preparation of safety
release recommendations,
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COPY/se
20 NOV 1968
AMSTE -BB
SUBJECT: Test Directive, kngineering and Service Tests of Vehicle
Recovery Kit and Crane for Carrier, Personnel, Full-Trachked,
Armored, M113Al, RDTEE Project No. 10G564605ND410

b, Under USATECOM Project No, 1-7-2625-34, President, US Army
Armor and Engineer Board is responsible for the planning, accomplishment
and reporting of subject service test, Maintenance evaluation as
described in USATECOM Regulation 750-15 will also be conducted on items
peculiar to the MI13Al recovery vehicle,

6. Cooruination: In view of the short time available prior to delivery
of the test 1tems and the fact that your M113 recovery vehicle military
potential test plans were previously coordinated formally with USACDC
and USCONARC, informal coordination of your test plans will not be
accomplished prior to submission to this headquarters for approval.

7. Special Instructions:

a, Both vehicles are scheduled to be shipped by truck from the
contractor's plant on 22 November 1968, They should arrive at your
agencies during the week of 1 December 1968, Testing should begin
immediately upon receipt of the test items,

b, As a minimum, testing at each agency should include 4000 miles
of vehicle operation, 100 hours of winch operation, swimming, limited
recovery equipment, crane, and vehicle performance testing, evaluation
of stowage, and maintenance evaluation., Emphasis should also be placed
on evaluation of the modifications listed in inclosure 1, Maximum use
of information and test results gained from the previously conducted
military potential tests of the MI13 recovery vehicle should be made to
minimize unnecessary duplication of work already completed, Data obtained
from the M113 tests may be included in the final reports of test if such
data is adequately identified and appropriate to the M113Al recovery
vehicle,

c. Detailed requirements or specifications for the MI13Al recoverv
vehicle do not currently exist, Attempts are being made to obtain test
criteria from USARV and USACDC, These criteria will most likely be
stated in terms of degree of allowable degradation in the performance
and durability of the basic M113Al vehicle.

d. Maintenance manuals (operator's organizational, and lubrication

order), draft equipment stowage list, special tools, and drawings are
to be provided before or concurrently with arrival of the vehicles.
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COPY/se
20 NOV 1968
AMSTE-BB
SUBJECT: Test Directive, Lngineering and Service Tests nof Vehicle
Recovery Kit and Crane for Carrier, Personnel, Full-Tracked,
Armored, MI13Al, RDNTEE Project No, 10564605D410

Spare parts support will be provided on items peculiar to the M]13Al
recovery vehicle, Other standard parts are to be drawn from supnly
channels., A manufacturer's technical representative will also be
available for the duration of testing,

e. Communications equipment (AN/VRC-47, AN/VIC-1, and installation
kits) are being requisitioned for the USARENBD vehicle,

f. Funds in the amount of are on hand at APC under AMCMS
Code 5551.12.21500, An additional is being nrovided by AMC,

g. Priority conflicts that arise between subject test and the tests
of the bulldozer kit for the M113A1 (USATFCOM Project Nos. 1-7-2625-10
and -35) will be resolved by granting preference to subject test,

h., Sigrificant events which affect either the conduct or the timely
completion of this test will be reported to this headquarters and to
USATACOM, Contacts are:

(1) HQ, USATECOM, Mr, McCormack, APG ext 4996

(2) HQ, USATACOM, Mr, Hutten, ATAC ext 28250

8. Test Plans and Reports:

a. Test plans are to be submitted to this headquarters for approval
by 9 December 1968,

b. Interim reports are to be submitted at the end of each 1000
miles of testing, giving results of the preceding segment of testing,
These reports may form the basis for recommendations by higher head-
quarters pertaining to the procurement of limited quantiti.es of M113Al
recovery vehicles,

c. Active testing is to be completed as soon as possible but no
later than 16 May 1969,

d. Distribution for the test plan and for each form of report is
specified in inclosure 2,
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COPY/se

AMSTE-BB
SUBJECT :

20 NOV 1968

Test Directive, Engineering and Service Tests of Vehicle

Recovery Kit and Crane for Carrier, Personnel, Full-Tracked,
Armored, M113Al, RDTHE Project No. 1G564605N410

9, Safetz:
separate cover,

A safety statement is being forwarded by USATACOM under
APG testing should be scheduled so as to produce, as

a minimum, recommendations for a conditional automotive safety release
within 15 days after receipt of the test item.

Mission requirements, using forces, production quanti-

10, Security:
ties, and deliverv dates are classified Confidential,

The test item

and test results are unclassified when not comnared to classified

requirements,

FOR THE COMMANDER:

/s/
3 Incl /t/
1. Major differences,
M113/M113A1 RV

2. Distribution List

3. TSMS Form
Copies furnished: w/incl 1
CG, USAMC, ATTN: AMCRD-GV

USACDC LnO, USATECOM

USMC LnO, USATECOM

PO, M113, ATTN: AMCPM-M113, USATACOM
CG, USATACOM, ATTN: AMSTA-RET
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John P, Wheeler, Jr.
JOHN P, WHEELER, JR,
Colonel, GS

Dir, Arm Mat Test Dir



COPY/se
I.T Ramig/pel/3230

STEAP-MT-TU

SUBJECT: Safety Release Recommendation for PRecovery \'ehicle, Full
Tracked: Light Armored (M113Al1) XM8060FE1, USATECOM Proji.
No, 1-7-2625-09

Commanding General
U.S. Army Test and Evaluation Command
ATTN: AMSTE-BB

1. Reference: Letter, AMSTE-BB, dtd 20 November 1968, Subject: Test
Directive, Engineering and Service Tests of Vehicle Recovery Kit and
Crane for Carrier, Personnel, Full-Tracked, Armored, M113Al, RDPTEE
Project No. 1G564605D410,

2. As directed by paragraph 9, of reference, a safety evaluation was
conducted to disclose any existent or potential operating and personnel
hazards.

3. The characteristic limitations listed in the evaluation are based on
test data and observations made during vehicle performance tests, Results
are listed below:

a. Gradeability and Side Slopes

Stability, handling, and engine operating characteristics were
satisfactory in both directions on side slopes up to and including 30%
and longitudinal slopes up to and including 60%, The test vehicle was
capable of towing a loaded M113Al up a 20% slope, When towing a loaded
M113A1 down the 30% slope, steering control became difficult, Slopes
in excess of 30% should not be descended with a towed load and descend-
ing slopes from 20% to 30% should only be negotiated with extreme
caution,

b, Steering

Minimum clearance turning diameter of the XM806F1 was 46,5 feet,
With an unloaded M113Al in tow, a clearance diameter of 53,5 feet was
measured., A fully loaded M113A1 (total weight of 23,400 pounds) in tow
required a turning diameter of 56,4 feet. The clearance diameter with
towed load was limited by tow bar interference with the rear fenders of
the XMBO6EL.

VI-6



COPY/se

c¢. Maximum Speeds

The test vehicle was able to achieve a maximum speed of 41 mph,
With a fully loaded M 13Al in tow the maximum speed attainable was 23 mnh.

d. Braking

The average stopping distance of the test vehicle and of the test
vehicle towing a fully loaded M113A1 for various speeds is listed as
follows:

Average Stopping Distance, ft,

Road Speed, mph W/0 Towed Load _ W/Towed Load
10 7 14
20 27 60
30 77 --

Since the stopping distance with a towed load was at least twice
that of the independent vehicle, towing operations should be conducted
at a slower speed (approximately three quarters) for the same operating
conditions of the vehicle without a towed load.

The brakes satisfactorily held the vehicle in either an ascend-
ing or descending attitude on the 60% longitudinal slope.

With a loaded M113Al in tow, the XM806El brakes held satisfactorily
in a descending attitude on the 30% slope but were marginal when facing up
the 30% slope.

e. Center of Cravity

The center of gravity of the test vehicle was approximately
five inches higher than that of the basic M113Al carrier. The same
cautions should be exercised when negotiating obstacles as with the
Ml13Al.

f. Limits of Vision

Thw winch operator's limits of vision were determined from a
position in the middle of the winch operator's seat, With the ramp
lowered, the normal vision area extended from 10° left to 40° right of
the operator's vertical center line, The maximum vision area extended
from 25° left to 50° right of the operator's vertical center line,

g. Weapon Fields of Fire

The spades in travel position created a weapon firing and sight-
ing restriction for approximately 10° of azimuth at two locations over

-2-
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the rear of the vehicle., The gun sight line must be elevated approxi-
mately 1.5° above the horizonta! firing line to avoid the spades.

h. Winch Operations

The relief valve limited maximum hydraulic fluid pressure to
1550 psi, and single line cable pulls to the following:

Maximum Cable Pull, lbs,

Cable Layer Low Range Hxéﬂiﬁhnge
1 (bare drum) 20,900 4,950
2 19,400 4,250
3 17,750 4,000
4 16,000 3,500
5 14,800 3,150

Although the bare drum line pull in low gear exceeded the manu-
facturer's rated load capacity by 900 pounds, the maximum pull attainable
was well below the 33,200 pound new cable breaking strength.

The winch brake was capable of holding the maximum line pull for
each cable layer,

To insure safety to operating personnzl, the open mesh protec-
tive guard over the cable from the fair leader to the winch drum, and
the two ramp safety gates should be secure and in place before any line
pull is attempted. The guard prevents personnel in the vehicle from
catching limbs or clothing in the winch, level wind or winch cahle and
also confines the cable in case it breaks. The two safety gates protect
personnel in the vehicle from flying objects should a rigging or cable
failure occur during winch operations,

Personnel outside the vehicle should be positioned sufficiently
clear of the cable to avoid injury in the event of cable failure,

When lowering the side ground spades, nersonnel should stand
clear of spade arc of travel during release,

A potential safety hazard exists when pulling with a two part
line using either-of the two vehicle cable anchors because the vehicle
can be tipped sideways., Heavy pulls to the side should be avoided
when using a two part line,

The auxiliary throttle control should be returned to the idle
position immediately after winch operation, This will prevent unexpected
vehicle movement should the range selector be moved from neutral with
the auxiliary throttle on,

-3-
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To avold Jdamage to the winch the operator should not attemnt to
shift gears with the winch in operation,

The operator should frequentlv observe the cahle through the
fair leader over the level wind and onto the winch drum to assure proper
cable spooling.,

The cable should not be payed-in without sufficient load if the
vehicle is canted, The fair leader tension control must be in the
cable pay-in position whenever paving-in cahle,

To nrevent damage to hydraulic components, the winch should not
be operated for extended rericds of time with the hydraulic fluid high
temperdature warning light on,

After a hose, valve, or other hvdraulic component is discon-
nected or replaced, the winch hydraulic system should then be operated
with the winch in neutral and the control valve cvcled to circulate
fluid and release any entrapped air from the system,

The safety chain should be attached from the right ground spade
(down position) to the eye on the ramp (down position) whenever the
spades are embedded and the ramp is lowered. The chain prevents damaype
to the ramp lifting cyvlinder,

To prevent equipment damage, low range should be used to pay-
out cable under load (not neutral) and a minimum of two wrans should
always be retained on the winch drum,

Appropriate gloves should be worn when handling cable, Rusty or
broken strands can cause serious injury,

The engine should be shut off prior to repair or replacement of
any component of the hydraulic or winch system and the control valve
should be cycled to relieve system pressure,

Operating personnel should be familiar with FM20-22, particularly
chapter three, to be aware of safety hazards inherent when operating this
type of vehicle,

i. Crane Operations

The crane was capable of lifting and holding for one hour, with-
out drift, a 4000 pound load. The manual effort required on the pumn
lever ranged from 40 pounds, to lift the weight off the ground, to 80
pounds, near maximum elevation,

-4-
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A cheater bar should not be used on the chain hoist handle
because overloading, by the use of additional leverage, will result in
damage to equipment and possible injury to personnel,

The lifting chain should be examined frequently to assure the
chain links are sound and fit the boom properly,

The utility release valve should be used to lower loads (not
the auxiliary release valve). The utility release valve provides a
control led lowering rate.

4, Inappropriate weather conditions prohibited amphibious operations,
Anv safety hazards disclosed during amphibious operations will be indi-
cated by a supplement to this correspondence,

TOR THE COMMANDER:

/t/ R, P, WITT
Associate Director
Materiel Test Directorate
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DEPARTMENT OF THE ARMY
HEADQUARTERS. U.S. ARMY TEST AND EVALUATION COMMAND
ABERDEEN PROVING GROUND., MARYLAND 21009

AMSTE-BB . 8§ FEB 1259

SUBJECT: Engincering and Service Tests of Recovery Vehicle, Full-Tracked,
Light Armored (M113A1) XMBO6El, RDT&E Project No. 1G564605D410
(ENSURE 134)

Commanding General, US Army Matcriel Command, ATIN: AMCRD-GV, Washington,
D. C. 20315

Commanding General, US Army Combat Devclopments Command, ATTN: CDC LnoO,
USATECOM, Aberdeen Proving Ground, Maryland 21005

Commanding General, US Continental Army Command, ATTN: ATIT-RD-MD, Fort
Monroe, Virginia 23351

1. Transmitted herewith are test plans for subject tests as prepared by
Aberdeen Proving Ground and the US Army Armor and Engineer Board. These
plans have been approved with the following exceptions:

a. Paragraph 2.17.3.7 of the Aberdeen Proving Ground test plan will
be expanded to include the determination of hydraulic oil temperaturc/
time characteristics at 50% load at each spool layer as well as 100%
maximum design load. Tecwed load operation described in paragraph 2.19.3
will be reduced from 2000 miles to 1000 miles.

b. Maintenance ratios and pertinent reliability and maintainability
characteristics described in paragraphs 2.9 and 2.10 of the Armor and
Engincer Board test plan will be computed separately for the standard
M113A1 components and the vehicle recovery kit, as well as the XM806E1
vehicle in total.

2. Detailed requirements or specifications for the XMS806El have not

been provided. Therefore, this headquarters has been compelled to
arbitrarily assign limits of testing: 40C0 miles ¢f vehicle operation,
160 hours of winch operation, and 12 hours of full-load crane operation.
Performance of the XM806ELl will be compared to requirements contained in
purchase descriptions for the M113A1 and P30 winch and to actual operation
of the M113Al.

3. It is understood that the XM806El is to be type classified upon
completion of testing. However, the test program defined in the inclosed
plans has been restricted to the determination of US Army suitability in

VI-11




3 FEB 1969
AMSTE-BB

SUBJECT: Engineering and Service Tests of Recovery Vehicle, Full-Tracked,
Light Armored (M113A1) XMBOG6El, RDT&E Project No. 1G564605D410
. (ENSURE 134)

temperate environments because of test time and hardware limitations.
Determination of suitability for world-wide usage will require a test
program of greater depth.

4, Comments and/or concurrence are requested. Informal coordination
with USACDC agencies and USCONARC schools was not accomplished prior to
submission to this headquarters for approval.

FOR THE COMMANDER:

7
2 Incl ELER, ~JR. i
as (UsaMC 2 cys)
(CDC LnO 12 cys)

(USCONARC 4 cys)

Colonel, GS \\j
Dir, Arm Mat Test Dir

Copies furnished:
CG, USAMC, ATTN: AMCMI 1 cy
AMCSU 1 cy
AMCMA 1 cy
AMCPO-M113 (Warren) 2 cys

V@O ARG, ATTN: STEAP-MT-TU w/o incls
ﬁL's'r!mm

PRES, USAARENBD, ATTN: -ML-T w/o incls
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DEPARTMENT OF THE ARMY
HEADQUARTERS, U.S ARMY TEST AND EVALUATION COMMAND
ABERDEEN PROVING GROUND, MARYLAND 21003

- 7 APR 1959
AMSTE-BB  20625-09/-10/-34/-35

SUBJECT: Final Drive Sprocket Bolt Modification

wormmanding Officer, Aberdeen Proving Ground, ATTN: STEAP-MT-TU
President, US Army Armor and Engineer Board, ATTN: STEBB-ML, Fort Knox,
Kentucky 40121 .

l. Reference is made to Message 3-12680, AMSTA-RET.8, USATACOM, 27 Mar 69,
subject: ST of M113Al Bulldozer, Loose Sprocket Drive Bolts (copy inclosed).
2. Lockwasher installation and torqueing procedures requested in referenced
message are hereby authorized for the XMB06El and M113Al bulldozer vehicles
at your agencies. Adequacy of modifications and torque history are to be
included in your final reports of test.

\

1 Incl JQHN P. WHEELER, JR.
Qs Cglonel, GS
Dyr, Arm Mat Test Dir

FOR THE COMMANDER:

Copy furnished: w/o incl
CG, USATACOM, ATTN: AMSTA-RET.8
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RTTUZYUW RUEBWMA2700 0411744-1JUUU--RUEBEAA,

ZNR UUUUU
11 FEB 6Y
R 0719302 FEB 69 ACTION: MTD
INFO: ISb
FM CG USATECOM WARREN MICH Safety

TO RUEBEAA/CG USA TEST & EVALUATION COM APG MD
INFO RUEBEAA/CO APG MD
RUWNTFOA/PRES US ARMOR BD FT KX KY
BT

UNCLAS 2-12667 FFOR AMSTE-BB, R, MC CORMACK
INFO FOR: STEAP-MT-TU, RAMIG, STEBB-MC-S5N BARNABY, STEBB-AR,
MUELLER, FROM AMSTA-RET,.8, H. HUTTEN, SGD BY AMSTA-RET.S8,
E. DARSON.
SUBJECT: ET/ST FOR XM806L1 RECOVERY VEHICLE AND M113A.
BULLDOZER.

FOLLOWING ARE INSTRUCTIONS RELATIVE TO CURRENT TESTING
OF FOUR PILOT VEHICLES:
1. XM806E1 (PILOTS NUMBER 1 AND NUMBER 2, APG VEH 12C27468,
KNOX VEH 12C27968)

A. INSTALL HYDRAULIC TEMPERATURE GAGE ON TANK UPON
RECEIPT OF HARDWARE AND INSTRUCTIONS FROM FMC,
2. XM113A1 DOZER (PILOT NUMBER 1, APG VEH 12C27868)

A, INSTALL NEW 7-C UNIVERSAL JOINT FURNISHED BY FMC
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PAGE 2 RULBWMA2700 UNCLAS
TO REPLACE FAILED o0-C JOINT,

B, UPON RECEIPT OF HARDWARL AND INSTRUCTIONS FROM
FMC, REPLACE PRESENT DOZER BLADE WITH NEW HALF
BLADE AND HALF OF SPARE BLADE. MR, M, SNAVELY,
FMC FIELD REP, WILL SHIP UNUSED HALF SPARL BLADL
TO FI' KX FOR INSTALLATION ON PILOT NUMBER 2.

C. SWIMMING CAPABILITY IS PRESENTLY CONSIDERED MARGINAL
AT FULL COMBAT LOAD, DO NOT CONDUCT SWIMMING
OPERATIONS UNLESS TEST PLAN AND VEHICLE WEIGHT ARE
DISCUSSED WITH USATACO!M PROJECT ENGINEER,
5. XMUI3AL1 DOZER (PILOT NUMBER 2, KNOX VEH 12C27068)

A, USE CURREN, 6-C UNIVERSAL JOINT UNTIL FAILURE,
THEN REPLACE WITH NEW 7-C JOINT FURNISHED BY FMC.

B. UPON RECEIPT OF HARDWARLE AND INSTRUCTIONS, REPLACE
PRESENT DOZER BLADE WITH NEW HALF BLADE FROM FMC
AND HALF BLADE FURNISHED BY APG,

C. SAME AS ITEM 2C PRECEDING
BT

#2700
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DEPARTMENT OF THE ARMY
HEADQUARTERS, U. S. ARMY TEST AND LVALUATION COMMAND
ABERDEEN PROVING GROUND, MARYLAND 21005

AMSTE-BB  2625-09/-10 27 MAY 1969

SUBJECT: Recovery Vehicle, Full Tracked: Light Armored (M113Al)
XM806E 1

Commanding Officer
Aberdeen Proving Ground
ATTN: STEAP-MT-TU

1. Reference:

a. Letter, AMSTE-BB, tlIQ, USATECOM, 25 February 1969, subject as
above.

b. Letter, STEAP-MT-TU, Aberdeen Proving Ground, 7 March 1969,
subject: Cost Estimates: XM806El Recovery Vehicle and XM11 Bulldozer
Kit USATECOM Project Numbers 1-7-2625-09, 10.

2. Authorization is granted to operate in excess of the directed
4,000 miles in order to conduct the additional 1,000 mile test of
the modified towing pintle (M548 type).

FOR THE COMMANDER:

/s/ John P, Wheeler, Jr.
/t/ JOHN P. WHEELER, JR.
Colonel, GS
Dir, Arm Mat Test Dir
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APPENDIX VII - REFERENCES

Specification, MIL-C-46782A(MO), 14 October 1963, Carrier, Personnel,
Full-Tracked; Armored, MI13Al.

Purchase Description, ATPD-2033A, 19 May 1969, Recovery Vehicle,
Full-Tracked: Light Armored, XM806 and XM8OGEIL.

Ramig, H. J., Military Potential Test of Recovery Kit and Crane
for Carrier, Personnel, Full-Tracked, Armored, M113, Aberdeen
Proving Ground. Report No. DPS-2961.

Hiylbert, S. L., Preproduction Test of Carrier, Personnel Full-
Tracked, Armored, M113Al, Pilot No. 1, Aberdeen Proving Ground.
Report No. DPS-1238.

Ramig, H. J., Test Plan on Engineering Test of Recovery Vehicle,
Full-Tracked, Light Armored (M113Al1), XM806E1, December 1968.
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